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here.  Two  major  decrements  are  noted;  a  general  deterioration  of  sensory  func¬ 
tioning  and  a  slowing  of  higher  cognitive  processes.  The  latter  slowing  may  be 
sufficient  to  affect  performance  in  situations  in  which  time  demands  on  respond¬ 
ing  are  on  the  order  of  fractions  of  seconds,  but  would  probably  not  affect  most 
work  situations.  The  general  effects  of  experience,  combined  with  an  increase 
in  verbal  intelligence  throughout  the  working  years,  argues  for  increased  compe¬ 
tence  of  older  individuals  in  many  work  situations.  There  are  indications  that 
spatial  reasoning  abilities  and  the  ability  to  develop  solutions  to  new  problems 
("fluid  intelligence")  decrease  with  age.  Secondary  and  review  articles  may 
overstate  this  effect.  The  primary  studies  themselves  have  serious  design  flaws. 
Th“  best  designed  studies  indicate  that  the  drops  do  occur,  but  that  the  effect 
may  not  begin  to  be  serious  until  the  middle  50s  or  beyond.  Because  of  problems 
in  design  and/or  choice  of  performance  measure,  this  topic  requires  further  ex¬ 
ploration. 

The  above  statements  refer  to  general  trends.  Very  wide  individual  differ¬ 
ences  are  found.  Although  the  relative  order  of  individuals  on  tests  of  mental 
competence  remains  remarkably  constant  over  adult  life,  the  absolute  difference 
between  people  increases.  In  practice,  this  means  that  as  people  age,  those 
people  who  initially  had  high  levels  of  ability  retain  them,  while  people  with 
initially  low  levels  of  performance  get  worse.  This  finding  further  emphasizes 
the  importance  cf  obtaining  recruits  who  are  of  average  or  above  average  ability 
as  young  adults.  It  also  suggests  that  high  ability  personnel  in  the  40-60  age 
range  may  be  preferable  to  younger  personnel  of  low  ability,  especially  given 
technical  experience. 

General  physical  health  is  related  to  the  maintenance  of  cognitive  perform¬ 
ance  throughout  adult  life.  In  particular,  indications  of  cardiovascular  prob¬ 
lems  (hypertension,  heart  diseases,  minor  strokes)  are  usually  accompanied  by 
slowing  of  performance  in  cognitive  tasks.  There  are  indications  that  immoder¬ 
ate  use  of  alcohol  can  produce  substantial  loss  in  cognitive  performance,  prob¬ 
ably  on  a  permanent  basis.  The  evidence  is  quite  clear  that  this  happens  if 
alcohol  use  is  carried  to  the  point  of  frequent  severe  intoxication.  The  evi¬ 
dence  is  less  clear  if  use  is  limited  to  frequent  social  drinking,  but  there  is 
a  distinct  possibility  that  this  is  a  cause  of  loss  of  cognitive  functioning  in 
adults.  Losses  in  sensory  capacity,  particularly  audition,  are  exacerbated  by 
environmental  hazards. 

Standard  medical  examination  procedures  for  sensory  functioning  (e.g,,  vis¬ 
ual  acuity  charts)  appear  to  underestimate  the  functional  loss  suffered  by  an 
individual  in  demanding  work  situations.  New  human  engineering  standards  may  be 
appropriate  for  work  stations  that  are  to  be  operated  by  people  in  their  40s  and 
50s,  in  order  to  accomodate  for  sensory  deterioration.  Medical  and  psychologi¬ 
cal  research  should  be  initiated  to  develop  indices  of  an  individual's  function¬ 
al  age  by  individual  differences  in  physical  health  (especially  cardiovascular 
problems)  and  health-related  behaviors  (exercise,  alcohol  and  substance  abuse, 
etc.).  The  goal  would  be  the  development  of  a  reliable  medical  and  psychologi¬ 
cal  screening  procedure  to  identify  older  personnel  at  risk  for  performance  de¬ 
cline.  A  study  should  be  initiated  of  long  term  changes  in  performance  with 
age  in  service  relevant  populations.  The  Reserve  forces  are  suggested  as  an 
appropriate  population.  This  study  is  needed  because  of  the  questionable  rele¬ 
vance  of  some  of  the  tests  used  in  the  literature  as  indicators  of  performance 
in  military  work  situations,  and  because  previous  studies  have  indicated  that 
different  aging  trends  may  be  found  in  different  populations. 
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in  the  Psychology  of  Aging.  The  deMographic  probleM  was  clearcutJ 
the  Defense  Departnent*  and  More  generally  U.S.  industry  as  a  whole* 
Must  coMe  to  grips  with  a  siMple  deMographic  fact.  The  age 
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discovered  that  the  literature  siMply  was  not  organized  to  answer  our 
qiiestion.  There  were  two  reasons.  Most  of  the  research  on 
"gerontological  psychology"  is  Motivated  by  a  desire  to  understand 
the  life  changes  associated  with  old  age.  Work  in  the  field  is  also 
strongly  oriented  toward  the  study  of  cognitive  changes  that  Might 
produce  a  probleM  for  an  (elderly)  individual  in  his  or  her  daily 
life.  These  two  orientations  are  reasonable.  Much  of  the  research 
in  this  field  is  funded  by  an  agency  (The  National  Institute  on 
Aging)  that  is  specifically  charged  with  consideration  of  the 
probleMS  of  the  elderly.  The  scientists  who  work  on  probleMS  of 
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SMall*  and  wuld  affect  an  individual  only  gradually.  f'roM  the  point 
of  view  of  an  ep ideMiologist  or  econoMist,  however,  SMall  changes  in 
individuals  Might  Mean  Major  changes  in  the  effectiveness  of  a  wor(< 
f  or ce . 

We  concluded  that  a  survey  was  required,  directed  at  the 
specific  questions  that  we  wished  to  have  answered.  With  the 
encour ageMent  of  Dr.  Halff  and  Dr.  Marshall  Farr  of  the  Office  of 
Naval  Research*  we  spent  a  substantial  BMount  of  tiMe  reviewing  the 
literature  and  asking  psychologists  and  physicians  what  they  know 
about  “Middle  aging".  In  addition,  we  have  also  visited  various 
industrial  and  Naval  establ i shMents *  in  order  to  get  a  better  picture 
of  current  personnel  practices.  Our  hope  was  that  we  would  then  be 
able  to  Make  a  better  guess  about  how  the  changes  in  people  that  the 
scientists  saw  as  possibly  affecting  the  way  that  a  particular  high 
technology  organization,  the  U.S,  Navy,  had  to  do  its  business. 
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1.  INTROOUCrORY  REMARKS 

Since  world  War  II  the  United  States  has  arawn  Its  military 
manpower  from  post  adolescents  and  young  adults*  The  typical 
career  pattern  for  a  soldier#  sailor#  marine#  or  airman  has  been 
to  enlist  in  the  late  teens  or  early  twenties  and  serve  for  a 
single  enlistment  period*  In  order  to  obtain  the  skilled 
technicians  that  the  modern  military  needs  special  efforts  are 
made  to  retain  end  train  a  cadre  of  professional  specialists  who 
serve  for  longer  periods  of  time*  It  is  well  Known  that  this 
system  of  recruitment  Is  not  working  satisfactorily  today  and 
that#  given  inevitable  demographic  changes#  the  problem  is  likely 
to  be  worse  in  the  near  future*  The  services  must  find  some  way  to 
enlist  and  retain  more  experienced  technicians#  both  In  the 
comm  I ss I oneo  and  non-comm I s s i oned  ranks* 

Two  courses  of  action  are  possible*  The  services  could  attempt 
to  improve  their  retention  rates#  which  are  presently  quite  low# 
while  continuing  to  train  specialists  themselves*  This  will  be 
called  the  '^retention  option***  In  addition#  programs  coulo  be 
Initiated  to  enlist  older  persons#  who  are  already  skilled#  to 
fill  technical  positions*  Direct  recruitment  of  skilled  people  Is 
done  now  for  a  few  military  occupations#  noticeably  medicine#  and 
was  a  widespread  practice  in  the  I9th  century*  The  option  of 
recruiting  oirectly  Into  the  higher  ranks  will  be  called  the 
'*lateral  entry**  option*  It  is  likely  that  both  options  will  be 
taken#  because  our  national  policies  demand  a  strong  military 
force*  Either  option  Is  certain  to  have  one  result)  the  average 
age  of  servicemen  and  women  will  increase*  Will  this  mean  a 
military  with  reduced  vigor  or  greater  skill?  Wnat  Is  the 
tradeoff  oetween  these  possibilities?  This  report  examines  one 
aspect  of  the  proolem)  the  liklihood  of  changes  in  the  cognitive 
capacities  of  older  personnel#  here  defined  as  individuals  ranging 
in  age  from  20  to  60* 

There  would  be  no  real  reason  for  the  military  to  be  interested 
in  investigating  cognitive  changes  in  auuits  If  age  changes  in  the 
military  ,#opulation  were  expecteo  lo  be  small.  On  the  contrary# 
we  believe  that  substantial  **8ging*'  of  the  mlltary  force  Is 
likely.  This  is  partly  because  of  the  extreme  youth  of  the 
present  active  duty  force.  In  1977  only  12^  of  active  outy  mate 
enlisted  personnel  were  over  3!?  and  only  1)(  were  over  45*  The 
comparable  figures  for  the  civilian  work  force  were  52^  and  33t. 
Wnen  the  retention  proolem  is  solved  the  Armed  i^orces  population 
can  be  expected  to  move  toward  but  not  reach  tne  age  distribution 
or  tne  civilian  work  force.  A  reasonaolc  estimate  of  the  eventual 
military  age  distrloution  can  be  obtained  by  looking  at  the 
present  Reserve  forces.  These  were  the  people  who  "almost**  made 
the  military  a  career.  As  of  the  end  of  19d0#  i3t  of  Naval 
Reserve  enlisted  personnel  and  62^  of  Reserve  officers  were  over 
tne  age  of  3‘j  (U.S*  Naval  Reserve;  Reserve  Manpower#  Mobilisation 
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Pianning»  and  Policy  Division*  Notes  1  and  2)*  It  thus  seeirs 
reasonable  to  suppose  that  the  number  of  active  duty  personnel 
over  age  33  Mill  at  least  double  If  lateral  entry  and  retention 
attempts  are  successful* 

A  related  issue  Is  how  the  older  personnel  nIII  be  used*  Major 
changes  from  current  practice  can  be  expected.  At  present*  and  In 
the  Immediate  past*  older*  more  experienced  inuividuals  have  been 
assigned  to  supervisory  roles.  This  tradition  Mill  have  to  be 
modified.  It  Mill  make  more  sense  to^retain  experienceo  people  in 
those  positions  Mhere  their  experience  Is  relevant.  Tnis  means 
that  individuals  Mho  actually  operate  equipment  Mill  be  older  than 
they  are  noM*  although  not  **old**  in  the  usual  sense.  Put 
succinctly*  there  is  no  proposal  to  employ  33  year  old 
infantrymen*  hut  40  year  old  tank  drivers  are  a  distinct 
poss  I  b i  I  I ty . 

^cononlc  analyses  of  the  use  of  older  personnel  In  military 
roles  have  generally  been  encouraging  (binlKln  and  Kyr I akopolous* 
1979;  Parker*  Christensen*  and  fcvery*  1978).  Tt  nas  been  polnteo 
out  that  more  mature  servicemen  are  better  motivated  and  more 
reliable.  Surveys  nave  shOMn  that  there  are  relatively  feM 
service  occupations  that  make  physical  demands  beyond  those  that 
can  be  met  by  a  reasonably  healthy  forty  year  olo  man*  ana  most  of 
tne  normal  pnysical  oemands  encountered  in  service  life  could  be 
handleo  oy  people  In  their  fifties.  The  economic  analyses  of 
Mhlch  we  are  aMare*  however*  oo  not  appear  to  have  considered  the 
possibility  that  there  are  important  changes  in  cognitive 
capaoilities  from  age  20  to  age  60.  The  issue  is  a  complex  one. 
c or e sn aaoM I ng  our  conclusion*  ft  is  fairly  easy  to  demonstrate 
dfcclints  in  cognitive  performance  over  the  working  years*  if  one 
cnooses  tne  right  tasks.  Conversely*  it  is  also  fairly  easy  to 
oemonsirate  increased  cognitive  performance  over  the  same  age*  by 
a  different  cnoice  of  tasks.  To  complicate  the  matter  further* 
within  any  age  group  there  are  wide  individual  differences.  These 
incredse  with  age.  On  almost  any  measure  of  cognitive  performance 
the  difference  between  two  randomly  cnosen  forty  year  olos  is 
likely  to  be  greater  than  the  difference  between  two  ranoomly 
chosen  twenty  year  olos.  furthermore*  the  services  are  rightly 
concerneo  with  performance*  not  potential.  In  general  oloor 
personnel  have  more  experience  on  the  job  and  have  maoe  more 
stable  social  adjustments  than  have  young  aoults.  These  positive 
aspects  cf  **mladle  aging'*  often  translate  into  more  efficient 
performance*  with  dramatically  reduceo  requirements  for 
supervision.  In  the  normal  individual  the  positive  aspects  of 
maturity  almost  certainly  overwfieim  any  minor  effects  of 
deterioration*  at  least  up  to  age  33.  Beyond  tnat  age  some 
cognitive  chen^es  occur*  in  some  individuals*  that  n.ay  present 
problems  in  some  occup.at  i  ons.  AM  these  qualifiers  should  be  kept 
In  Ainu  in  evaluating  tt'«  data  reporteo  in  the  remainder  this 
r  epor  t . 

The  report  itself  is  organized  Into  three  sections.  ^ach 
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section  reviews  different  empirical  findings  concerning  age 
relateo  changes  in  cognition  during  the  working  years}  arbitrarily 
aefined  as  the  period  from  age  Z5  to  age  55*  Section  2  raises  some 
general  issues  about  the  studies  of  aging.  Section  3  describes 
what  has  been  learned  by  psychometric  studies^  in  which  people  of 
varying  ages  are  given  different  forms  of  intelligence  tests. 

This  data  provides  a  useful  broad  view  of  intellectual  change. 

The  following  sections  describe  more  limited  studies  of  human 
Information  processing*  concucted  within  the  tradition  of 
experimental  psychology.  The  topics  covered  are  sensory  function* 
the  ability  to  maintain  attention*  response  selection*  speeded 
oeclsion  making*  accuracy  of  retention  of  information  in  memory* 
and  problem  solving.  A  general  critique  of  work  in  the  field  is 
I ncl uoed. 

The  last  section  of  the  report  deals  with  possible  actions  by 
the  Armed  Services.  These  fall  into  two  headings}  modifications 
of  present  practice*  and  the  initiation  of  programs  of  research. 


2.  THtQRETICAL  AND  HETHODOLOGI C AL  ISSUES 

The  study  of  aging  involves  more  than  calculating  the 
correlation  coefficient  oetween  chronological  age  ano  performance 
measures.  This  section  presents  several  ideas  wnich  are  of 
central  importance  in  understanding  and  evaluating  the  literature. 

MODELS  Or  AGING 

The  Simplest  view  of  adult  aging  is  that  it  represents 
Inevitaole  oloiogicai  deterioration.  This  will  be  called  the 
biological  decrement  model.  It  characterizes  change  from  young 
adultnood  to  old  age  as  a  oecline  from  peak  capacity  to 
progressively  lower  levels  of  performance.  The  decline  is  assumed 
to  be  due  to  the  biological  aging  process.  Reductions  in 
physiological  functioning  lead  in  turn  to  reductions  in  cognitive 
performance.  The  laodel  certainly  captures  some  of  the  truth  about 
aging*  out  overall  it  is  a  gross  simplification  of  the  facts.  The 
rate  of  biological  aging  varies  considerably  between  Individuals* 
so  that  an  individual's  "biological  age*"  is  often  poorly 
estimated  by  chronological  age.  Moreover*  within  an  individual* 
biological  subsysten>s  may  age  at  widely  varying  rates.  Thus  any 
statement  abouL  general  biological  trends*  let  alone  their 
cognitive  consequences*  may  be  quite  Inaccurate  when  applied  to  an 
Individual. 

A  secuna  limitation  of  the  biological  decrement  mooel  is  that 
it  may  lead  to  oversimplified  interpretations  of  the  effects  of 
aging  upon  cognitive  oehavlor  In  a  worn  environment.  We  shall 
repeatedly  stress  tradeoffs  between  decrements  in  maximum  capacity 
due  to  age  and  increases  in  efficiency  of  performance  due  to 


-3- 


Aging  and  Cognition 


experience,  rne  need  to  consider  experience  is  particularly 
Important  where  an  "elementary"  cognitive  process  has  been 
isolated  by  means  of  complex  exper  iu.ental  techniques.  Even  if  age 
oeficits  in  this  process  are  found  in  the  experimental  laboratory^ 
we  must  still  judge  whether  these  deficits  will  limit  the 
periormance  of  an  experienced  person  in  familiar  working 
s i tu  at i ons . 

The  processes  of  biological  aging  are  statistically  related 
to>  but  ar econceptua I  I y  distinct  from  many  pathological  processes 
whicn  are  correlated  witn  chronological  age.  Cancer* 
arteriosclerosis*  diaoetes*  and  arthritis  are  examples  of 
age-correlated  pathologies  which  are  not  inevitaoly  associated 
with  the  aging  process*  although  their  incidence  increases  with 
increasing  age.  Some  age-corre  lateo  diseases*  especially 
cerebrovascular  disease*  hypertension*  hormonal  dysfunction*  etc.* 
have  deleterious  cognitive  effects.  Certain  behaviors  (e.g.* 
alcohol  and  drug  abuse)  may  leao  to  poor  health  anu  abnormal 
physiological  ana  cognitive  decline.  In  this  review*  we  take  the 
position  that  normal  aj^ing  changes  must  be  o  I  st  I  ngui  sheo  from 
pathological  aging  changes.  Admittedly*  the  distinction  can  be 
somewhat  arbitrary  —  today*s  "ndrmal  aging"  might  be  tomorrow’s 
patnology  after  olscovery  of  a  new  disease  process.  However*  the 
distinction  remains  Important.  Many  of  the  apparent  effects  of 
aging  may  be  modifieo  by  personal  health  practices  or  by 
aggressive  environmental  and  occupational  safety  programs.  In 
Considering  the  Industrial  implications  of  an  aging  work  force*  It 
Is  obviously  Important  to  distinguish  between  inevitable  and 
moaifiabie  changes  in  worker  characteristics. 

•’{■cause  we  are  concerned  with  industrial  effects*  we 
generally  shall  not  oiscuss  changes  In  cognition  that  have  been 
found  in  tne  elderly*  i.e.  people  beyond  the  normal  retirement 
age.  fly  contrast*  most  of  the  literature  on  aging  has 
cancentratad  on  the  elderly*  arbitrarily  those  past  60.  This  Is 
an  important  distinction*  because  organic  problems*  including 
senile  oementias*  begin  to  account  for  more  and  more  of  the 
variance  in  cognitive  behavior  as  people  reach  great  age.  Thus 
the  literature  on  the  eloeriy  may  stress  a  biological  model  that 
is  appropriate  for  one  age  period*  but  quite  inappropriate  for 
another,  4e  note  that  this  does  not  always  mean  that  biological 
mooels  apply  only  to  the  eloeriy.  Because  people  In  the  work 
force  generally  face  more  demanding  Information  processing  tasks* 
a  biological  deficit  that  could  oe  ignored  by  a  retireu  person 
might  be  lifriting  to  a  person  employed  in  a  taxing  situation. 


fur  concent r at  I  on  on  tne  working  years  presented  us  with  a 
problem  in  reviewlfig  tbe  aging  literature.  There  are  relatively 
few  stuales  that  examine  the  23-60  «ge  interval.  The  modal  study 
of  aging  is  a  two  group  comparison*  young  aoults  (often  ie-20  year 
old  students)  versus  old  auults  (often  05-75  year  old  retirees), 
buch  comparisons  are  not  merely  poorly  suited  to  our  purposes  — — 
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they  are  also  often  of  questionable  methodological  vallolty*  Thus 
He  have  deliberately  excluded  many  old/young  comparison  studies 
from  this  revient  Keeping  only  those  tnat  offer  a  potentially 
important  insight  Into  aging  effects  on  cognition^  or  those  tnat 
cover  a  cognitive  change  IIKely  to  be  important  over  the  adult 
Horking  years*  i^or  basically  the  same  reason  we  shall  not  discuss 
studies  of  pathological  aging#  such  as  Alzheimer's  disease  or 
Huntington's  Chorea* 


MtTHOOOLOGiCAL  CONSIDERATIONS 

Most  studies  of  adult  aging  utilize  a  cross-sectional  design# 
in  which  people  of  different  ages  are  compared  at  the  sane  point 
in  tiff.e*  In  order  to  Infer  that  group  differences  In  performance 
are  due  to  group  differences  in  age  one  must  assume  that  the 
groups  tested  are  otherwise  comparable*  It  is  extremely  difficult 
to  00  this#  because  different  selection  factors  operate  when  one 
recruits  participants  from  olfferent  age  groups.  Lachman# 

Lachman#  and  Taylor  (1981)  examined  several  relevant  journals#  and 
concluded  that  about  80T,  of  the  reports  that  are  published  failed 
to  pay  sufficient  attention  to  this  issue*  Largely  because  of 
this  problem#  one  must  be  concerned  aoout  the  replicability  of 
cross-sect  I ona I  studies  when  evaluating  the  literature*  While  it 
Is  probably  Impossible  to  control  for  all  possible  confounds  with 
age  in  any  one  study#  different  studies  will  nave  different 
biases.  Age  effects  can  then  be  discerned  by  detecting 
consistencies  in  the  results  from  several  Independent  experiments* 

Longitudinal  studies  of  aging  follow  a  panel  of  participants 
for  an  extendeo  length  of  time*  Intuitively#  this  Is  a  more  valid 
way  to  establisn  age  trends.  Longitudinal  studies#  though#  also 
have  practical  and  theoretical  limitations.  The  greatest  practical 
limitation  is  the  expense  of  recruiting  and  maintaining  a  sample. 
Another  serious  Issue  Is  how  representative  the  sample  is  of  the 
general  population.  It  is  difficult  to  obtain  a  sample  of 
"typical  people"  to  participate  In  a  scudy  that  extends  tor  years* 
Longitudinal  studies  nave  tended  to  be  biased  toward  the  use  of 
upper-middle  class  subjects#  who  are  socially  and  geograph  I  caH y 
more  stable#  or  to  the  use  of  panels  recruited  from  people  who 
deal  with  a  specific  institution#  such  as  the  Veterans' 

Ada.  I  n  I  St  r  at  1  on .  The  problem  of  subject  selection  occurs  bot*"  In 
Initial  recruitment  and#  more  seriously#  in  tne  stage  of  follow-up 
testing.  People  who  remain  in  panels  tend  to  be  those  who  are#  on 
the  average#  better  socially  adjusted#  healthier#  and  more 
cognitively  competent.  As  a  result#  longitudinal  stuoies  present 
a  more  oenign  picture  of  aging  than  is  obtained  from 
cross-sectional  studies. 


The  use  of  young/olu  designs  (or  more  extended 
cross-sectional  sampling)  has  led  to  the  general  use  of  analysis 
of  variance  technloues  lo  Judge  the  statistical  significance  of 
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age  differences*  We  have  observed  Imo  KToblems  which  have  been 
consistenily  associated  with  this  approach:  acceptance  of  the  null 
hypothesis  (no  age  changes)*  and  reference  to  the  proportion  of 
age-predicted  variance.  It  Is  soaetimes  the  case  that  a  stuoy 
will  fail  to  reject  the  null  hypothesis  of  no  age  differences*  and 
will  then  conlude  that  "there  are  no  age  changes  until  age  X." 

Such  a  statement  is  not  warranted  unless  the  investigator  also 
evaluates  the  power  of  the  statistical  comparison*  Surprisingly* 
this  simple  statistical  fact  is  frequently  ignored  Doth  in  the 
primary  and  secondary  literature* 

A  Slightly  different  problem  of  Interpretation  arises  when  an 
investigator  finds  that  the  age  effect  only  accounts  for  a  small 
proportion  of  variance*  ana  then  concluoes  that  "age  effects  are 
reliable  out  small*  and  are  probaoiy  not  of  great  practical 
importance*"  Practical  importance  is  something  that  cannot  be 
defined  In  general*  it  must  be  defined  in  terms  of  the  costs  ana 
benefits  in  a  specific  situation*  A  decrement  in  choice  reaction 
time  that  would  be  trivial  to  a  retired  banker  might  be  cause  for 
retiring  an  airplane  pilot*  Qur  feeling  is  that  most  workers  in 
gerontology*  wno  understandably  are  strongly  oriented  toward 
oealing  witr.  the  problems  of  the  elderly*  interpret  "practical"  as 
meaning  "has  a  notable  effect  on  the  individual's  lifestyle." 
Changes  in  performance  that  are  not  practically  Important*  In  this 
sense*  can  be  extremely  Important  from  the  point  of  view  of  a 
large  employer*  such  as  the  Armed  Services*  Loosely*  the 
difference  Is  between  the  viewpoint  of  a  particular  Individual* 
who  might  be  calculating  the  chances  of  an  accident  happening  to 
them*  compared  to  the  viewpoint  of  an  employer*  who  must  calculate 
tne  cxt-ected  number  of  accidents  in  an  organization  employing 
literally  millions  of  people.  For  brevity*  we  snail  refer  to 
these  different  viewpoints  as  a  concern  for  "clinical"  and 
"industrial"  effects.  Small  changes  in  cognitive  performance  will 
be  oiscussed  whenever  It  appears  that  they  might  have  effects  at 
the  inoustrial  level*  Such  an  effect  might  well  oe  disregarded  at 
the  cliriicil  level. 


In  II, any  reports  age  effects  are  evaluated  by  asking  whether 
or  nut  one  age  group  is  "statistically  oifferent"  from  another 
along  some  dimension  of  performance.  It  is  generally  more 
fruitful  tu  discuss  trenos*  rather  than  comparisons  between 
specific  groups*  To  do  this  one  must  fit  some  Kind  of  decremental 
curve  (linear*  exponential*  etc.)  to  the  group  means  for  different 
age  groups.  curve  fitting  is  helpful  in  asking  whether 

average  age  changes  appear  to  have  begun  prior  some  age*  or  In 
estimating  the  average  rate  of  change*  There  are  several 
limit-itions  uf  this  type  uf  fitting*  however.  Curves  of  this  kind 
may  give  an  average  "developmental  curve"  whicn  uoes  not 
accurately  reflect  the  true  aging  curve  of  any  given  inolvidual* 
Fitting  the  means  Ignores  the  individual  variability  aoout  the 
.iieans.  A  good  fit  of  a  curve  function  to  the  observed  n.eans  does 
not  imply  that  there  are  no  Individual  differences  In  aging  rates* 
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Finally#  similarity  In  aging  curves  between  aifferent  cognitive 
processes  in  no  way  implies  a  common  causal  mechanism#  and  should 
not  be  so  interpreted*  Even  given  these  limitations#  we  snail 
find  age  curve  fitting  to  be  a  useful  way  of  summarizing  many 
cognitive  effects  of  aging  curing  the  working  years* 

COHOKT  EFFECTS 

Our  last  methodological  point  deals  with  a  moderately  subtle 
issue  that  has  introduced  a  confounding  into  easily  95t  of  all 
studies  of  aging*  This  is  the  "cohort  effect#"  which  was  first 
discussed  in  detail  by  Schaie  (1963)*  A  cohort  is#  for  our 
purposes#  a  group  of  people  who  Join  a  population  of  Interest  at  a 
particular  time*  Examples  would  be  all  people  corn  in  1903#  or 
all  people  entering  tne  Marines  in  1967*  Cohort  effects  are 
effects  on  performance  that  are  specific  to  a  particular  cohort* 
Suppose#  as  is  reasonable#  that  one's  adult  verbal  skills  are 
determineo  largely  by  habits  acquired  during  the  school  years* 
Suppose  further  that  the  length  and  effectiveness  of  schooling 
increased  steadily  from  192C  until  1950*  A  cross-sectional  study 
of  verbal  Intelligence#  conducted  in  1973  might  have  revealed  an 
"age  related  decline"  in  verbal  performance  that  was  actually  due 
to  the  older  subjects  having  received  less  effective  schooling# 
rather  than  being  due  to  a^e  Itself*  The  problem  is  that  in  the 
cross-sectional  design  any  cohort  effects  are  completely 
confounded  with  age  effects*  One  can  even  think  of  situations  In 
which  a  cohort  effect  would  produce  a  "negative  age  effect*" 
Continuing  the  example#  suppose  further  that  the  effectiveness  of 
public  education  has  dropped  from  1950  to  1980*  (Indeeo#  many 
observers  nave  claimed  that  It  has*)  If  so#  anu  if  school 
acquired  veroal  habits  are  maintained  throughout  adult  life#  a 
"negative  age  effect"  should  appear  in  a  cross-sectional  study 
conducted  in  the  year  2000* 

Longitudinal  studies#  being  studies  of  a  particular  conort#  do 
not  confound  age  and  conort  effects*  The  findings  ot  a 
lonyltuainal  study#  however#  are  statistically  only  gene r a  I i zab  I  e 
to  tne  cohort  studied* 

There  are  complicated  designs  that  can  be  used  to  evaluate 
cohort'  and  age  effects  separately  (  Sch  a  I  e  #  1963 »  1977)* 

Essentially  these  oeslgns  involve  the  conduct  of  repeateo 
cross-sect  I &na  I  designs#  over  a  period  of  years*  Thus  the  cohorts 
born  IP  IvhO#  1930#  ana  I960  might  be  sampled  in  1980#  1990#  and 
2000.  Combined  longitudinal  ana  cross-sectional  designs  do  solve 
the  logical  problem  of  confounded  age  and  cohort  affects*  The 
problem  with  these  designs  is  that  they  are  so  expensive  that  they 
can  ;>eldoir  be  utilized. 

Cohort  effects  are  of  particular  Importance  In  the  study  of 
aging  over  che  working  years#  because  tnere  are  marked  conort 
effects  in  industrial  settings*  The  military  services  afford  a 
good  example,  which  members  of  a  cohort  Join  the  military  depends 
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upon  the  social  conuitions  prevailing  at  the  time  that  cohort 
enters  the  normal  military  recruitment  age*  In  particular* 
changes  from  war  to  peace  and  the  introduction  of  an  all  volunteer 
service  nave  markeoly  affected  military  recruitment  In  the  oast 
twenty  years.  The  sort  of  cohort  effects  that  one  woula  expect 
from  these  social  changes  probably  interact  witn  aging  effects. 
People  with  nigh  levels  of  ability  as  young  adults  have  generally 
been  found  to  be  more  resistant  to  the  effects  of  age  on 
cognition*  There  is  a  well  documented  trend  toward  the  enlistment 
of  more  and  more  individuals  of  lower  mental  categories  (as 
ireaaured  by  the  Armed  Forces  Qualification  Test)*  at  least  since 
1975*  If  we  combine  these  two  facts*  we  are  forced  to  predict 
that  those  servicemen  anu  women  who  were  recruited  in  1980  will* 
on  the  Whole*  not  provide  as  hign  a  percentage  of  qualified  senior 
personnel*  fifteen  or  twenty  years  hence*  as  did  tne  cohorts 
recruited  in  the  19b0s  and  lObOs  when  they  reached  their  thirties 
and  forties* 

COhClULiING  CQMMcNTS 

Pccountlng  all  the  possible  design  riaws  tnat  can  afiiict 
research  studies  can  nave  a  deadening  effect*  This  is  true  of  any 
field*  Dne  simply  cannot  throw  up  one's  hands  and  say  "ivothlnq 
can  ue  learned*"  Human  aging  Is  a  natural  phenomenon  that  will 
never  be  studied  in  a  controlleo  laboratory  environment*  The 
ideal  experimental  design  is  Impossible  to  achieve*  The  concept 
of  aging  is  itself  neoulous*  To  what  extent  should  one  be 
concerned  only  with  tne  aging  process  itself*  and  to  what  extent 
should  one  be  concerned  with  life  events  that  are  not  aging*  but 
that  are  statistically  associated  with  age?  In  the  following 
sections  we  shall  review  many  studies*  None  of  tnem  wil* 
unequivocally  determine  now  cognition  changes  from  ^0  tc  bO* 

Taken  together*  they  present  a  coherent  picture. 


3*  r'SYCHCMf.TkICS 

u  K  N  E  «  A  L 

This  section  reviews  the  literature  on  age  cn4nges  in 
intelligence*  as  measureo  by  traditional  psychometric  tests*  The 
"psyciiometric"  literature  is  typically  contrasted  to  the 
"experimental"  literature*  which  reports  the  I n v e s t I g a t I  on  of 
cognition  oy  classic  experimental  methods.  This  sort  of  division 
of  knowledge  Is  a  taxonomy  by  method  of  investigation*  rather  than 
a  taxonomy  by  content*  It  is  necessary  oecause  differences  in 
metnodulogy  have  lead  to  differences  in  theory. 

Although  tne  term  "psychometric  methods"  nas  come  to  connote 
group  administration  of  paper  and  pencil  tests  of  knowledge* 
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reasoning*  ana  other  cognitive  sKills*  ihe  tern  originally  implied 
the  application  of  classical  aieasur ement  theory  to  the  study  of 
cognition  (Nunaity*  1978}«  Psychometric  methods  Mere  developed  so 
that  individual  differences  in  knoMledge  and  thinking  could  be 
measured  reliably  by  a  standard  set  of  criteria.  Although  many 
"psychoRietr  i  sts"  explicitly  recognized  that  an  understanding  of 
basic  cognitive  processes  Mould  require  a  synthesis  of  information 
gathered  from  the  paper  and  pencil  tests  with  data  collected  by 
other  measurement  methods  (  Thurstone*  19AA)*  the  psychometr  Ists 
and  experimental  psychologists  have  gone  their  separate  ways  until 
fairly  recently  (  Carroll  and  Maxwell*  1979)  Cronbacn*  1957). 

Comparing  tne  two  kinds  of  stuoies  can  be  confusing*  because 
of  specialized  methods  and  terminology.  In  experimental 
psychology  two  mental  processes  are  d I st I ngu i sned  from  each  other 
by  snowing  that  different  experimental  manipulations  proouce 
different  effects.  If  the  manipulation  o^  certain  stimulus 
characteristics  affects  one  aspect  of  task  perfurmance*  but  not 
the  other  this  Is  taking  as  evidence  for  different  processes 
underlying  the  two  performances.  The  same  logic  Is  used  in 
psychometric  studies  of  intelligence*  but  the  experimental 
variable  is  the  identity  of  the  individuals  tested.  Suppose*  as 
is  tne  case*  that  verbal  problems  are  hard  for  some  people*  while 
spatial  problems  are  hard  for  others.  Therefore  tnere  must  be 
distinct  processes  unoerlying  verbal  and  spatial  problem  solving. 

Althougn  the  logic  underlying  experimental  and  psychometric 
psychology  is  similar*  the  manipulations  that  are  feasible  and  the 
data  analyses  metnods  that  are  used  can  be  quite  different.  As  a 
result*  the  two  technologies  cannot  always  be  jseu  study  the  same 
cognitive  processes.  It  is  hard  to  imagine  a  paper  and  pencil 
test  ot  the  speed  of  visual  perception.  It  Is  equally  hard  to 
imagine  a  two  hundred  person  correlational  study  of  psychophysical 
effects.  On  the  other  hand*  where  the  tecnnologies  can  be  useo  to 
attack  the  same  problem*  they  are  basically  studying  the  same 
topic.  Therefore*  It  should  not  be  surprising  If  tne  conclusions 
drawn  from  psychometric  studies  of  •'intelligence**  parallel 
conclusions  from  experimental  studies  about  "cognitive  processes". 
Indeed*  one  can  regard  a  comparison  of  conclusions  drawn  about 
aging  and  its  effects  upon  cognition  as  a  rougn  checn  on  the 
Validity  of  each  method. 

Compared  to  the  experimental  technology*  tne  ps ycnome t r I c 
technology  has  ooth  a  markeo  advantage  anu  a  marked  a i sad vant a^e . 
The  advantage  Is  that  testing  procedures  may  be  useo  with  much 
larger  samples.  The  large  sample  reduces  the  likelihood  of 
obtaining  an  age  effect  because  of  unusual  performance  by  a  few 
indiviauals.  It  also  makes  it  possible  lo  exercise  a  great  deal 
more  control  over  population  variables  that  may  be  confounded  with 
age.  This  is  In  marked  contrast  to  many  experimental  studies*  In 
which  investigators  have  all  too  often  abandoned  any  pretense  to 
representative  sampling  from  different  age  groups*  and  thus  have 
committed  tne  confoundings  that  ware  discussed  In  tne  comments 
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made  above  concerning  cross-sectional  designs*  In  contrast*  there 
are  at  least  sone  psychometric  studies  that  have  attended 
carefully  to  the  oeflnition  of  the  population  to  oe  studied*  and 
to  tne  use  of  a  consistent  sampling  methoo  fro.n  different  age 
groups  within  that  population.  Furthermore*  tne  psychometric 
literature  is  not  solely  dependent  upon  cross-sectional  studies 
for  inferences  on  age  effects.  Longitudinal  studies  are  more 
common  in  psychometric  than  in  experimental  psychology.  On 
occasion  psychometric  studies  have  used  sophisticated 
comb  I n I  at  I ons  of  cross-sectional  and  longitudinal  designs*  and 
these  have  proven  informative.  were  these  methods  to  be  applied 
to  experimental  studies*  the  cost  would  generally  be  prohibitive. 

Ti.e  disadvantage  of  the  psychometric  methoo  Is  that  the 
behavior  recorded  is  usually  a  gross  one*  the  total  number  of 
Items  correct  on  a  particular  test*  Such  a  suminar  i  zat  i  on  loses  a 
great  deal  of  information  about  the  cognitive  processes  that  are 
applied  to  solve  different  problems  within  a  test*  Consioer  a 
commonly  useo  psychometric  for  measuring  spatial  ability*  People 
are  asKeu  to  compare  rotated  figures  to  some  comparison  figure* 
and  to  Determine  whether  the  figures  are  identical*  The  test 
typically  includes  several  different  figures*  often  a  different 
one  fur  each  Item.  A  person's  score  is  oetermlned  by  the  total 
number  uf  items  completed  In  a  fixed  time  period*  It  has  been 
found  thac  older  people  complete  fewer  items  than  younger  ones* 

Tne  age  difference  in  performance  might  reflect  an  Increase  in  the 
time  iieeoed  to  rotate  and  compare  the  figures  inside  tne  head*  or 
it  might  reflect  an  inability  to  visualize  a  rotation  altogether 
for  some  figures*  Age  differences  might  be  largest  for  certain 
types  of  figures*  While  soph i st I cateo  item  analyses  can  oe  used  to 
investigate  these  Issues*  usually  no  such  investigation  Is  made* 
The  information  needed  is  usually  lost  in  the  process  of 
calculating  the  total  number  of  correct  item  responses*  However* 
as  we  shall  see  below*  experimental  models  and  techniques  make  it 
possible  to  determine  the  locus  of  individual  differences  in 
spatial  rotation  of  Images  more  precisely* 

Hore  jeneraMy*  when  we  compare  psychometric  to  experimental 
data  we  often  find  that*  although  the  nature  of  the  defining 
uifferenue  between  groups  (e.g**  young  vs*  old)  Is  likely  to  be 
more  cieorly  stated  In  a  psychometric  study*  the  theoretica.l 
explanation  of  the  depenaent  variaoie  is  often  more  speculative* 
Since  the  advantages  the  one  technology  are  the  disadvantages 
of  the  other*  perhaps  tne  most  enlightening  findings  are  those  In 
whioh  the  psychometric  and  experimental  conclusions  complement 
each  other . 


THfc  CLAjSlC  AblNG  PATTtRN 

Cross-sect lonal  studies  of  Intelligence  have  repeatedly 
produoeo  results  that  Botwinick  (1977)  has  referred  to  as  tne 
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Figure  1.  Changes  in  Vocabulary  Test  and  Test  of  the  ability  to 
rotate  and  compare  figures  "inside  the  head."  Data 
from  cross  sectional  survey  of  Hawaiian  residents. 
(Wilson  et.  al.,  1975). 
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Wechsler  Adult  Intelligence  Scale  (WAIS)  I.Q.  scores  as 
a  function  of  age.  From  data  presented  by  Katarazzo,  1972). 
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"classic  aging  pattern*"  Perfornance  on  tests  of  verbal  ability 
shOMS  little  change  from  20-60*  ano  may  even  increase** 

Non-verbal  skills  decline  with  age*  The  classic  pattern  is 
illustrated  in  Figure  1*  which  shows  the  results  from  a  large 
cross-sect  I ona i  study*  The  test  battery  included  a  standard 
vocabulary  test  and  a  paper  and  pencil  measure  of  spatial 
rotation*  The  spatial  test  asked  Individuals  to  compare  pairs  of 
three-dimensional  figures*  composed  of  groups  of  cubic  blocks* 

The  two  figures  were  either  Identical  or  mirror-images*  rotated  to 
different  orientations*  Individuals  are  asked  to  compare  the  two 
figures  and  determine  whether  they  are  identical  or  mi rror- images* 
As  Figure  1  shows*  there  was  are  large  age  differences  in  the 
spatial  measure  but  not  in  the  vocabulary  test*  A  similar  picture 
has  been  obtained  in  studies  using  traditional  intelligence  tests* 
such  as  the  Wecnsler  Adult  Intelligence  Test  (WAIS)*  Figure  Z 
shows  the  WAIS  norms  across  ages  for  WAIb  Verbal  and  Performance 
scales  (Hatarazzo*  ld72)*  Note  that  the  Performance  subscale 
shows  cross-sectional  age  differences  from  roughly  age  30  onward* 
while  the  Verbal  subtest  does  not*  Indeed*  Wechsler  labeled  his 
Verbal  subtests  "Hold"  tests*  and  nis  Performance  subtests  "Oon*t 
Hold"  tests*  precisely  because  of  the  cross-sectional  effects 
Shown  in  Figure  2* 

The  WAIS  subtests  are  sometimes  criticized  within  the 
psychometric  literature  for  being  "factorlally  complex"  —  meaning 
that  they  measure  multiple  kinds  of  Intelligence.  For  many 
purposes  it  is  more  useful  to  consider  performance  on  cognitive 
traits  that  are  more  elementary  than  global  measures  of  verbal  and 
non-verbal  intelligence*  Such  traits  are  sometimes  called 
"Primary  Aoilltles"  (Thurstone*  1938)*  This  complexity  could 
distort  underlying  age  differences  in  more  basic  levels  of 
intelligence  if  the  age  differences  were  not  consistent  for 
different  Kinds  of  intelligence*  A  prototypical  primary  ability 
theory  may  be  found  in  a  review  by  Horn  (i.978)*  wno  argues  that 
roughly  some  30  primary  abilities  have  oeen  reliably  demonstrated. 
This  coincides  with  the  conclusion  of  several  other  workers*  The 
Educational  Testing  Service's  widely  used  Reference  Kit  for 
Primary  flantai  Aoilltles  now  contains  23  separate  tests  (Ekstrom* 
French*  and  Harman*  1976)*  Horn*  and  several  other  theorists* 
have  concluoed  that  some  of  he  abilities  are  arranged 
nierarctilally*  with  more  primitive  traits  contributing  to  global 
ones*  SUCH  as  "verbal  Intelligence*" 

Cross-sectional  studies  have  reported  age  differences  on 
several  primary  abilities*  Spatial  orientation  and  inductive 
reasoning  seem  to  be  particularly  susceptible  to  age  effects  ( 
Schale*  19^9)*  Other  studies  have  reported  cross-sectional  age 
differences  on  measures  of  perceptual  speed  and  flexibility.  For 
example*  Lee  and  Pollack  (i97b)  reported  sizable  cross-sectional 
declines  In  performance  on  the  Embeddeo  Figures  Test*  wtilcn 
requires  individuals  to  detect  a  figure  embecded  within  a 
concealing  context.  The  results  of  studies  using  tests  of 
specific  prlmery  abilities  generally  conform  to  the  the  classic 
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aging  patternt  tests  of  reasoning*  proOiem  solving*  spatial 
visualization*  and  the  like  show  greater  or oss-sect i on  a  I  age 
differences  than  measures  of  vocabulary  and  veroal  fluency 
(BotuinlcK*  1977). 

Conclusions  araMo  on  the  basis  of  average  data  must  be 
qualified  by  considering  individual  variation  aoout  the  average. 
There  are  large  individual  differences  in  psycnometric  test 
performance  among  adults  over  the  uorKing  year:...  This  will  oe  a 
recurring  theme  throughout  our  report.  Figures  3  and  4  chart 
cross-sectional  age  effects  on  the  Raven’s  Progressive  Matrices 
test*  a  Niaeiy  used  test  of  nonverbal  reasonini^*  ana  the  Flithorn 
Hazes*  a  measure  of  spatial  problem  solving  (Heron  and  Chown* 
1967).  Raven’s  test  is  of  particular  interest*  since  it  is 
considered  one  of  the  oetter  measures  of  inductive  reasoning 
ability.  Individuals  examine  a  sequence  of  pictures  to  discover 
the  sequential  pattern  of  pictures*  and  then  induce  what  the 
pattern  of  a  missing  picture  should  be.  Figure  3  shows  that 
average  performance  on  the  Raven  declines  with  increasing  age* 
beginning  during  the  30’s.  However*  the  plot  oi  indivioual  data 
snow  ir.e  large  range  of  individual  differences  in  Raven 
performance  at  different  ages.  Note  that*  in  general*  the  spread 
of  Inuivijual  differences  is  large  relative  to  tne  mean 
performance  levels  within  each  age  group.  In  fact*  some  of  the 
highest  scores  in  the  sample  were  obtained  by  subjects  In  their 
60’s  and  older,  figure  4  shows  that  tnis  type  of  effect  Is  hy  no 
means  specific  to  the  Raven  —  the  large  individual  differences 
are  found  for  tlithorn  Mazes  as  well.  The  inuividual  differences 
Observed  on  test  performance  are  not  rancom*  they  are  reliably 
related  to  other  char octer i st i cs  of  tne  Individual.  This  topic 
will  be  Covered  in  more  detail  In  a  subsequent  section. 

Tne  classic  awing  pattern  represents  the  typical  results  of 
cross-sectional  studies.  Longitudinal  studies*  which  follow 
individuals  over  a  period  of  years*  show  much  less  decline  in 
nonverbal  meosures  of  Intelligence.  Indeed*  tne  longitudinal  data 
suggests  that  the  decline  occurs  In  the  6U’s  or  later*  and  Is  not 
consistently  found  for  all  individuals.  Longitudinal  decline* 
where  it  is  observed*  Is  apparently  often  associated  with  declines 
in  physical  nealth  (Baltes  and  Labouvie*  1973}  Jarvix*  tfisdorfer* 
and  Slum*  1974*  Jones*  IVSV). 

CCiHOkT  uFrECTS  Aj  MOOlFltRS  HF  IHE  CLASSIC  PATTLRN 

In  the  section  on  methodology  It  was  pointed  out  that  conort 
effects  could*  in  tneory*  distort  the  pattern  of  age  effects. 

Such  effects  do  exist*  and  |f  not  considered*  may  lead  to  an 
0 ver es t i mat i on  of  the  size  cf  age  effects.  This  has  been  shown  hy 
a  series  of  studies  conducted  by  K.u.  Schaie  and  nis  colleagues 
(jchale*  ly7V).  These  experiments  represent  perhaps  the  best 
desijned  study  or  aging  that  Is  in  the  literature.  Basically* 
Schaie's  group  conducted  a  combined  longitudinal  and 
cross-sectional  study  of  members  of  a  group  health  plan. 
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Figure  3 


Score  (Number  correct  in  40  minutes)  on  Raven's  Progres¬ 
sive  Matrix  Test.  Distributions  for  various  ages. 

(Heron  and  Chown,  1967). 


Figure  4.  Number  correct  on  Eli  thorn  Maze  Test.  Distribution  of 
scores  at  various  ages.  (Heron  and  Chown,  1968). 
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Thurstone's  test  of  five  primary  abilities  (194b  version)  was 
administereo  to  adults  of  different  ages  (a  cruss-sect I ona I 
sample)*  These  individuals  were  then  repeatedly  retested  over  time 
(longitudinal  sampling)*  Every  new  testing*  a  new  cross-sectional 
sample  was  taKen*  and  tne  new  sample  was  also  followed 
longitudinally*  beginning  with  the  time  of  first  testing*  Thus 
Schaie  and  his  colleagues  produced  parallel  lon^ltuoinal  samples 
in  different  cohorts* 

Some  of  tne  results  from  Schale's  study  are  shown  in  Figure  5* 
As  in  the  classic  pattern*  verbal  performance  (nere  identified  by 
a  vocabulary  test)  declined  only  late  In  life.  The  major 
discrepancy  from  the  classic  pattern  may  be  seen  in  the  data  for 
spatial  orientation  and  inductive  reasoning.  Scnaie's  measures  of 
these  ahilities  showed  little  age-specific  decline  until  age  50, 
Taken  at  face  value*  Schale's  data  suggest  that  cross-sectional 
findings  of  age  differences  from  20-50  are  largely  cue  to  cohort 
effects*  What  might  nave  produced  these  cohort  effects  has  not 
been  determined* 

Schale's  results  have  generated  a  !*reat  deal  of  controversy. 
The  Issues  are  exemplified  in  an  exchange  between  Horn  ana 
Oonaidson  (1976)  and  Baltes  and  Schaie  (1976)*  The  controversy  Is 
over  the  source  of  the  cross-sectional  age  differences*  ana 
whetner  Scnaie's  data  show  small*  but  reliable*  declines  during 
micoie  age*  From  an  industrial  viewpoint*  the  resoJutlcn  of  the 
tneoretical  debate  may  not  be  too  important.  Tne  practical 
question  remains*  If  we  wish  to  predict  changes  of  cognitive 
capacity  in  a  particular  work  force  for  a  particular  time  period* 
both  age  and  conort  efrects  must  be  known.  More  particularly* 
consider  the  problem  of  predicting  the  future  cognitive  capacities 
of  senior  personnel*  drawn  from  today's  cohort  of  military 
recruits.  To  oo  this  we  neeo  to  Know  any  cohort  effects  over  tne 
period  of  interest*  the  Conor  t-spec  I  f  1  c  distribution  of  Ifiitial 
(time  of  recruitment)  test  scores*  and  tne  extent  to  which  age 
effects  interact  with  initial  ability* 

There  is*  however*  an  important  qua  I  i  t  I  cat  I  on  to  the  ^icnale 
et  al.  results*  Tne  generality  of  the  age  trends  is  restricted  to 
the  particular  tests  used  --  Thurstone's  1948  PMA.  These  tests 
nave*  In  tne  terms  of  psychometric  test  tneory*  nigh  speed 
components  and  (relatively)  low  power  components.  In  other  words* 
the  test  items  are  not  particularly  difficult  (especially  for  the 
Verbal  and  Number  subtests).  Individual  differences  are  determined 
more  oy  how  fast  one  solves  tne  problems  ratner  tnan  how  difficult 
a  problem  one  Is  capable  of  solving.  The  tests  were  designed  to 
measure*  at  least  in  part*  now  quICKly  one  can  think  aoout 
particular  Kinds  of  problems  —  so  tne  Mgh  speed  components  '^o 
not  ” Invalidate”  the  results.  They  do*  however*  limit  the 
inferences  one  can  draw  aoout  the  tests.  The  limitations  could 
cut  ooth  ways.  Hn  ttic  one  f  and*  It  is  possible  that  more  dfficult 
tests  measuring  spatial  visualization  (suen  as  tne  ETS  Paper 
Folding  test)  or  Inductive  reasoning  would  show  larger  and  earlier 
age  uecllnes  tnan  Schaie  found*  even  If  the  same  study  oesign  were 
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used*  On  the  other  hand/  tne  foct  that  age  tends  to  produce  a 
slowing  in  the  speed  of  cognitive  operations  (see  below)  might 
suggest  that  the  oecllnes  In  PMA  performance  Scnaie  does  find  from 
age  ^0  to  60  indicate  slowing  of  certain  cognitive  operations 
rather  than  a  loss  in  the  ability  to  visualize  an  object  rotation/ 
reason  Inductively///  etc*  Sequential  data  on  tests  other  than 
Thurstone's  PHA  would  be  needed  to  address  these  questions* 


THE  FLUIO-CkYSTALLlZED  MODEL  Or  I NTELL IGErtCt  AMO  AGING 


The  classic  aging  pattern  is  stated  in  terms  of  age  effects  on 
verbal  and  non-verbal  intelligence*  An  alternative 
conceptualization  has  oeen  proposed  by  Cattell  (1971)  and  Horn 
(1976/  Horn  and  Donaldson/  1979)*  They  distingulsn  between 
cognitive  competence  based  upon  the  application  of  prior  learning 
to  tne  present  situation/  and  cognitive  competence  based  upon  the 
development  of  new  problem  solving  methods  devised  to  meet 
current/  and  pernaps  novel/  demands*  These  abilities  are  called 
crystallized  and  fluid  intelligence/  respectively*  In  Cattell  and 
Horn's  terms/  most  verbal  tasks  test  crystallized  Intelligence* 

The  capacities  tnese  tasks  require/  such  as  defining  words  or 
analyzing  sentences/  are  based  upon  well  practiced/  culturally 
defined  problem  solving  routines*  Fluid  intelligence  is  nore 
iikely  to  be  tested  oy  the  relatively  novel  requirements  of  many 
nonverbal  tests/  such  as  the  Raven's  Matrix/  in  which  an  attempt 
Is  usually  made  to  avoid  presenting  problems  that  have  culturally 
uefined  solutions*  The  Cattell/Horn  model  also  envisions  other 
types  of  intelligence/  such  as  the  ability  to  thioK  quickly 
(cognitive  speeo)  and  the  ability  to  image  a  visual  object 
( V 1 sua I  I zat i on  I  *  We  shall  be  little  concerned  with  the  other 
intelligence  types/  however/  for  it  is  fluid  and  crystallized 
intelligence  that  are  most  important  in  the  model/  and  which 
fiwure  most  prominently  In  the  model's  representation  of  age 
effects  upon  Intelligence* 

Horn  and  Cattell  argue  that  crystallized  Intelligence 
increases  over  the  adult  years/  as  people  gain  a  better  grasp  of 
cultural  Knowledge*  They  also  argue  that  fluid  intelligence/ 
ueing  a  more  fundamental/  "biologically-based”  ability  to  perceive 
relations  in  new  Information/  declines  from  early  adulthood. 

Figure  6  illustrates  the  oifferent  a^e  trenos  for  the  two  types  of 
ability.  The  data  are  tawen  from  a  cross-sectional  stuoy  by  Horn 
ana  Cattell  (19b7)*  Scores  for  flui'*  and  crystallized 
intelligence  were  calculated  by  summing  scores  from  primary 
ability  tests  thought  to  relate  to  eltner  fluid  or  crystallized 
Intelligence.  Not  surprisingly/  Figure  6  shows  tnat  the 
cross-sectional  pattern  for  fluio  and  crystallized  scores  closely 
correspond  to  the  cross-sectional  pattern  of  the  WAIS  subscales* 

Ti.e  f  I  u  I  o-cr  y  s  ta  I  I  I  zed  model  or  Intelligence  leads  to  tne 
intuitively  plausible  notion  that  one  should  not  speak  of  general 
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MEAN  FACTOR  VALUES 
(ARBITRARY  UNITS) 


Figure  6.  Mean  factor  scores  on  fluid  and  crystallized  intelligence 
as  a  function  of  age.  (Horn  and  Cattell,  1967). 
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decline  or  Increase  in  cognitive  coirpetence.  katner^  one  should 
asK  more  about  expression  of  ability  In  a  particular  situation* 

Is  it  a  situation  in  Hhicn  there  are  culturally  defined  problem 
solving  methods  that  may  be  applied  to  achieve  tne  uesirtd  result? 
If  sof  a  healthy  older  person  would  be  at  least  as  adept  as  a 
young  person*  because  the  older  person  will  prooably  have  more 
Knowledge  about  the  prior  utility  of  different  solutions  in 
similar  situations.  In  some  cases  the  same  level  of  competence 
might  be  achieved  In  different  ways*  Older  people  woulc  be  more 
likely  to  apply  relevant  past  experience*  while  younger  people 
would  be  quicker  at  developing  a  new  solution  to  the  problem* 

The  conceptual  difference  between  me  c r y s t a  I  11 zeo-r | u i d 
distinction  and  tne  ver ba I— nonver ba I  distinction  has  important 
practical  implications*  It  the  crucial  variable  is  experience* 
and  not  tne  extent  to  wnich  a  problem  requires  veroal  skills*  then 
one  would  expect  to  find  situations  In  which  older  persons  with 
appropriate  experience  wouid  maintain  skills  in  nonverbal 
situations.  To  illustrate  ty  hypotnetical  example*  consider  the 
case  ot  an  aircraft  mechanic  who  Is  assigned  t.o  recruiting  duty* 
and  tficn  is  returned  to  nis  specialty  at  age  AO  or  Ab*  Since  tool 
use  is  a  spatial  skill  (**cGee*  197Q)*  proponents  ot  tne 
verbai-nonveroal  distinction  would  predict  that  tnere  shoulo  oe 
deterioration  in  the  mechanic's  skill*  The  f I u i d-crysta I  I  I  zed 
model  would  predict  that*  If  there  is  substantial  similarity 
between  tne  current  task  ano  tasKS  assigned  prior  to  the 
interruption  In  tne  mechanic's  career*  then  the  mechanic  should 
nave  little  problem  In  applying  old  skills  to  Tiaster  tne  new  task* 
Tne  practical  Interpretation  of  the  debate  revolves  arouno  t^e 
question  of  whetner  older  personnel  snould  be  snifted  towarc 
assi,(nments  involving  more  verbal  tasKS*  or  maintained  in  familiar 
assignments  even  if  they  require  spatial  skills*  It  tne 
f I u  1  o-c r y s t a  I  I  I  zed  model  is  correct*  an  effort  should  be  made  to 
ensure  greater  continuity  ot  procedures  and  oemanJs  in  duty 
assignments  of  older  personnel*  A  similar  argument  would  be  made 
regarding  the  optimal  training  techniques  for  older  personnel* 
Assuming  tne  f 1 u I d-cr y s t a  I  I  I  ze d  distinction  to  be  true*  one  would 
argue  tr. at  nonverbal  training  techniques  would  be  acceptable  for 
older  personnel*  providing  that  they  utilized  concepts  and 
Koowltdge  familiar  to  the  trainees*  Indeed*  given  trainees  of 
average  (or  below  average)  verbal  Intelligence*  it  would  be 
fooMsr  to  provide  training  by  purely  verbal  methods  (e.g** 
reaaino  training  manuals)  because  there  was  relative  maintenance 
of  verbal  skills  witli  advancing  age* 

The  uurrent  literature  Is  inadequate  to  distinguish  between 
the  ver  Da  I -non  ver  b  .1 1  and  c  r  ys  t  a  I  I  i  ze  d- f  I  u  I  d  explanations  of  fhe 
classic  aging  pattern*  While  one  can  think  of  tasks  tnat  should 
be  verbal-fluid  and*  with  somewhat  more  ulfficulty*  tasks  chat 
snoulG  be  nc n v er b a  I -c r y s t a  I  1 1 z ed*  no  systematic  study  of  such 
tasks  fas  been  conoucted* 

Before  moving  to  other  aspects  of  tne  I  iterator®  on 
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intelligence#  we  enter  a  reservation  concerning  the  classic  aging 
pattern.  A  person  taking  a  psycnometrlc  test  is  faced  aith  a 
particular  proolem  solving  situation,  and  must  develop  techniques 
for  coping  nith  that  situation  "on  the  spot."  Tests  of  verbal 
Inteiiigence  asK  people  to  read  paragraphs#  retrieve  the 
definitions  of  words#  etc.  Monveroal  tests  typically  present 
adults  with  rather  novel  problem  solving  situations.  This  Is 
particularly  true  of  the  so  called  "culture-fair"  tests#  which 
expllcitl'-  seek  to  minimize  cap  i  t  at  I  zat  I  on  on  previous  knowledge. 
Horn  an'  •  ,tteil  would  argue  that  this  is  precisely  the  source  of 
the  cr^  t a  I  1 1 zed-f I u i d  difference.  But  there  is  an  additional 
confounding  factor#  the  amount  and  recency  of  previous  experience 
Individuals  have  with  test  taking.  Young  adults  wno  have  recently 
been  in  scnool  will  have  had  a  good  deal  of  experience  dealing 
with  testing  situations#  and  probably  develop  skills  to  cope  with 
them.  Cider  persons#  who  may  have  had  less  schooling#  and  almost 
certainly  have  not  recently  been  in  school#  probably  do  not  have 
tnese  skills  available.  Is  it  possible#  then#  that  the  apparent 
decline  in  fluid  Intelllwonce  is  an  artifact  that  could  be  removed 
by  proper  training?  Tne  issue  is  a  complex  one.  There  is  little 
doubt  that  older  people  can  Improve  their  absolute  scores  with 
training  (e.g.#  Willis#  1981).  Improving  test  scores#  however#  is 
not  trie  point#  unless  the  improved  scores  also  predict  performance 
outside  the  test  situation  better  than  do  the  scores  obtained 
prior  to  training. 


CHANGfcS  IN  THt  STRCCTukt  Of  iMTELLIGtHCt  WITH  AGE 

«  The  "structure  of  intelligence"  refers  to  the  relations 
between  different  psychometric  abilities#  which  is  in  turn  a 
function  of  the  relations  between  Chose  abilities  and  the  more 
basic  cognitive  capacities  that  oetermine  them.  The  correlations 
anionj  performance  on  measures  of  different  primary  abilities  are 
said  to  be  determined  by  the  underlying  intellectual  structure. 
Spearman's  famous  "general  plus  specific"  theory  of  Intelligence# 
the  Catteil-Horn  model#  and  Thurstone's  primary  mental  abilities 
model  are  all  models  of  the  structure  of  intelligence.  Although 
most  studies  of  age  changes  In  Intelligence  have  examined  age 
changes  in  mean  ability  levels#  some  studies  have  asked  whether 
there  are  rundamentai  changes  in  the  structure  of  aoillties  with 
advancing  age. 

Studies  of  young  adults  tend  to  find  smaller  correlation 
between  different  abilities  tnan  do  studies  using  cnildren.  Young 
aoults  are  more  likely  to  bt  good  at  some  skills  and  poor  at 
others#  while  children  tend  to  be  generally  good  or  bad.  Older 
adults  tend  to  show  less  differentiation  between  different 
abilities.  Tnls  nypothesis  is  called  de-differentiation  (Pelnert# 
1970).  One  possible  account  for  this  nypothesis#  il  It  is  Indeed 
true#  is  that  age  declines  in  oasic  cognitive  operations# 
especiaiiy  in  their  speeu  of  execution#  tend  to  reduce 
performance  levais  of  older  aoults  on  all  ability  tests 
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Correlations  among  Primary 
Mental  Abilities  Factors 


Group  1  (Mean  age  30) 


V 

S 

R 

N 

U 

V 

1 

s 

.115 

1 

R 

.559 

.455 

1 

N 

.390 

.239 

.489 

1 

U 

.531 

.034 

.425 

.334 

1 

Group  2  (Mean  age  42) 

V  1 


S 

.296 

1 

R 

.711 

.479 

1 

N 

.419 

.248 

.441 

1 

U 

.508 

.039 

.439 

.308 

1 

Group  3  (Mean  age  58) 

V  1 


S 

.593 

1 

R 

,838 

.650 

1 

N 

.666 

.528 

.627 

1 

W 

.557 

.290 

.505 

.450 

1 

Data  from  Hertzog,  1979.  Only  the  lower  half  of  the  (symmetric)  corre¬ 
lation  matrix  is  shown.  Mean  age  refers  to  age  at  first  testing  in 
longitudinal  sequence. 

Abbreviations:  V  -  Verbal 

S  -  Spatial  Rotations 
R  -  Reasoning  (Inductive) 

N  -  Number 
W  -  Word  Fluency 
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(Cunningham  and  Birren»  1981)*  TaK«n  to  the  extreme*  the 
ded I f r er ent i at i on  hypothesis  Impies  that  tests  of  ability  that  are 
valid  for  young  adults  are  invalid  lor  older  aoults  because  the 
tests  are  not  measuring  the  same  cognitive  abilities  in  the  two 
populations*  This  is  an  important  issue  for  any  method  of 
occupational  screening  of  older  adults  ehich  is  based  upon 
conventional  psychometric  tests. 

Earlier  studies  of  the  dedifferentiation  hypothesis  used 
factor  analytic  methods  to  isolate  sources  of  association  among 
different  intelligence  tests*  This  is  a  statistical  technique 
that  is  supposed  to  uncover  the  underlying  dimensions  of  abilities 
cnat  are  tested*  In  different  nays*  by  each  of  a  large  battery  of 
tests.  Tne  oed i f f er en t i a t i o n  hypctnesis  predicts  that  several 
diii.ensions  Mill  be  uncovered  by  analyzing  tne  data  from  tests 
given  to  young  aoults*  and  that  fewer  (perhaps  only  one)  dimension 
Mill  be  found  in  the  data  obtained  from  older  adults.  The  results 
of  early  studies  testing  the  deo i f f er ent • at i on  hypothesis  were 
inconsistent  (keinert*  1970)  Much  of  the  disagreement  seems  to 
have  been  oue  to  differences  In  factor  analytic  methods  used  from 
study  to  study*  rather  than  in  inconsistencies  in  the  data  itself. 
Recent  studies  have  used  more  advanced  methods  to  compare  factor 
analytic  solutions  ootained  from  different  age  groups*  A  more 
consistent  picture  has  emerged*  There  does  appear  to  he  an 
increase  in  the  correlations  among  ability  factors  in  late  middle 
age  and  old  age  (Cunningham*  19£0;  Cunningham  and  Birren*  19t>l; 
nertzog*  197v).  Table  1  reports  correlations  among  five  primary 
ability  factors  for  three  different  age  groups  from  the  Hertzog 
study.  The  correlations  among  abilities  In  the  oldest  group  were 
uniformly  nigher  than  the  same  correlations  In  the  youngest  group. 
Note*  nowever*  that  most  of  the  changes  appear  to  emerge  from 
middle  to  old  age. 

In  spite  of  tne  chanvjing  correlations  among  ability  factors* 
the  recent  results  indicate  that  the  relationship  between 
individual  psychometric  tests  and  the  underlying  aoillty  factors 
seem:>  to  oe  constant  into  old  age*  This  conclusion  is  based  upon 
the  observation  tnat  tne  regressions  of  tests  on  factors  (the 
factor  lOdOings)  from  these  factor  analyses  may  be  considered 
equivalent  for  different  age  groups  (Cunningham*  19b0f  Hertzog* 
l'y79).  We  may  Interpret  the  changing  correlations  as  an 
indication  of  a  modest  furm  of  dedifferentiation*  which  is  of 
trieoretical  interest.  Why  would  conceptually  distinct  abilities 
become  more  correlated  with  advancing  age?  However*  the  major 
changes  occur  after  age  JO  and*  more  Importantly*  1o  not  appear  to 
affect  tne  basic  measurement  properties  of  the  psychometric  tests. 
Thfc  data  therefore  causes  little  concern  that  age  changes  in 
i  nte  I  I  ev.tu  a  I  structure  invalidate  tne  use  of  psycnometric  tests 
for  occupotlonai  purposes  for  adults  under  the  age  of  55. 

The  Hertzog  analysis*  based  uoon  Sc bale's  longitudinal  data* 
adds  another  bit  of  useful  Information  about  the  stability  of 
mental  (performance*  Tne  study  round  that  absolute  variability  in 
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a  general  intelligence  factor  increased  from  roughly  age  40*  and 
that  individual  differences  In  intelligence  were  highly  stable 
across  tne  adult  life  span.  The  latter  point  Has  indicated  hy 
correlations  exceeding  *9  between  general  intelligence  measured 
longitudinally  over  a  14  year  age  internal.  This  correlation  Is 
even  higher  than  the  .7  correlation  typically  found  between 
adolescent  and  adult  performance  (McCalls  1977).  Hertzog's 
results  show  that>  In  spite  of  any  age  changes  in  level  of 
performance/  tne  relative  ordering  of  adults  on  a  general 
intelligence  factor  remains  basically  constant  over  time.  They 
further  show  that  average  differences  between  individuals  in  this 
general  intelligence  factor  increase  as  they  grow  older.  This 
finding  is  of  considerable  practical  importance  for  selection  of 
personnel.  Given  that  two  individuals  differ  slightly  in 
intelligence  at  age  20*  the  prognosis  is  that  the  difference  may 
be  greater/  but  will  be  In  the  same  direction/  at  age  ‘>0.  When 
consioerea  in  conjunction  with  the  evidence  that  high  ability 
individuals  may  maintain  higher  mean  levels  of  performance  (that 
Is/  show  less  age  decline)  than  lower  ability  Individuals/  these 
results  provide  a  scientific  rationale  for  increased  efforts  to 
recruit  higher  ability  level  personnel  initially/  and  to  try  to 
keep  them  In  the  service  longer.  The  intelligent  recruits  today 
will  probably  be  intelligent  (and  experienceu)  personnel  later. 
There  is  a  minor  qualification  to  this  interpretation  of  the 
Hertzos/  results.  One  must  remember  that  tne  nigh  correlations 
between  different  ages  founo  In  that  study  are  for  an  intelligence 
factor  defined  by  the  covariances  among  several  Intelligence 
tests.  Measurement  error  (see  Nunnally/  1978)  will  limit  the 
between-ages  correlation  (and  hence/  the  predictive  validity)  of 
any  single  intelligence  test. 

Wt  argued  above  that  the  psychometric  data  provide  useful 
global  information  about  age  changes  In  cognition/  while  the 
experimental  data  on  age  changes  in  cognitive  processes  provides/ 
in  principle/  a  more  refined  picture  of  aging  effects  on  cognitive 
activity.  Dne  could  also  argue  that  a  joint  analysis  of 
intelligence  and  Information  processing  capacity  Is  needed  to 
explain  more  fully  the  age  effects  on  psychometric  Intelligence 
that  are  ooserved  —  intelligence  may  be  best  understood  when 
considered  in  light  of  information  processing  models  (Hunt. 
A97o/i9c0).  Horn  and  Donaloson  (1V79)  also  contenu  that  complex 
skills  such  as  tiiose  tested  in  psychometric  studies  must  be  based 
partly  upon  acquired  Knowledge/  and  partly  upon  more  primitive 
information  processing  capacities.  In  some  of  his  studies/  Horn 
has  attempted  to  measure  these  more  primitive  capacities/  and 
relate  age  differences  In  Information  processing  capacity  to  age 
differences  in  fluid  and  crystallized  Intelligence.  His  data 
Suggest  that  tfie  Inform <itton  processing  measures  are  more  closely 
related  to  fluid  I  nte  I  I  i  ^^en  ce  /  as  predicted,  Figure  7  summarizes 
the  results  of  statistical  manipulations  In  whicn  the  conuitlohal 
distribution  or  fluid  Intelligence  are  related  to  age/  after  age 
dlfferthces  In  measures  of  attention  ana  short  term  memory  are 
neld  uonscint  by  part  correlation.  The  dasnej  lines  are  the 
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Figure  7.  Idealized  plot  of  changes  in  ability.  (Horn  and  Donaldson, 
1979),  Note  the  lines  labeled  "Gf"  and  "Gc".  These  refer 
to  factor  loadings  on  fluid  and  crystallized  abilities  re¬ 
spectively.  The  upper  fan  shows  change  in  crystallized 
ability  obtained  by  holding  various  other  age-sensitive 
abilities  constant.  For  example,  line  SAR  refers  to 
changes  in  crystallized  ability  after  allowing  for  age 
changes  in  a  short  term  memory  factor.  The  lower  fan 
shows  a  similar  plot  for  the  fluid  intelligence  factor. 
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adjusted  age  trends#  while  the  solid  lines  are  the  unadjusted 
trends.  Tnere  is  a  significant  reduction  In  the  age  trend  for 
fluid  intelligence  after  adjustment  for  the  information  processing 
measures.  While  we  have  reservations  about  tne  measures  Horn 
used#  anc  the  use  of  part  correlation#  the  general  hypotnosis  that 
age  trends  in  intelligence  performance  are  related  to  age  trends 
in  information  processing  skills  merits  further  Investigation. 

SUMMARY 


The  literature  on  age  changes  in  psychometric  Intelligence 
suggests  that  there  are  changes  during  the  working  years  In  mean 
performance  levels  on  at  least  some  abilities.  Spatial  ability  and 
non  verbal  reasoning  tests  ("fluid  intelligence")  seem  to  be 
particularly  susceptible.  Whether  or  not  the  drop  in  non-verbal 
reasoning  and  spatial  performance  occurs  before  or  after  age  50  Is 
a  matter  of  debate.  Although  there  are  several  cross-sectional 
studies  that  suggest  that  the  crop  begins  reasonaoly  early  in 
adult  life  (roughly  30  to  35)#  these  studies  nave  not  adequately 
controlled  for  cohort  effects.  The  reports  from  the  better 
controlled  experiments  by  Schaie  et  al.#  in  wbicn  cohort  effects 
were  measureo#  suggests  that  the  drop  begins  place  sometime  past 
50.  Because  of  the  industrial  Importance  of  this  question#  a 
replication  of  Scnale's  work#  using  other  populations#  would  oe 
highly  desiraoie  in  spite  of  its  expense. 

Virtually  all  psychometric  studies  have  concluded  that  there  is 
considerable  stability  in  levels  of  verbal  intelligence  curing  the 
working  years. 


A.  SENSOkY  CAPACITIES 


In  some  situations  people  function  simply  as  detection  and 
recugnition  devices.  Tne  complexity  of  a  detection  and 
recugnltion  task  can  vary  greatly  from  detection  of  a  signal's 
presence  to  Identification  of  a  particular  signal  in  the  presence 
of  distractors.  Performance  in  primitive  detection  functions  is 
generally  limiteo  by  end  organ  sensitivity#  wnile  performance  in 
more  complex  tasks  is  limited  by  central  nervous  system  (CNS) 
functioning.  Both  tne  sensory  ena-orgens  anu  tne  CNS  systems 
invcived  in  senscry  information  enelysis  appear  to  be  sensitive  to 
aging.  In  some  cases  marked  environmental  effects  are  also 
ooservea#  that  may  appear  to  be  age  effects  as  people  live  in  the 
hazardous  environments.  As  a  general  rule#  sensory  functioning  in 
all  modalities  declines  over  the  working  years.  The  details  of  the 
various  changes  have  been  documented  for  vision  (Pozard#  Wolf# 
dell#  McFarland#  and  Podolsky#  1077f  Weale#  19oj#  19h5)#  audition 
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{Bergnan*  19B0i  Corso#  1977}  Ordy*  Brl2zee>  Beavers^  and  Hedart* 
1979)/  and  olfaction  (Engen>  1977)*  We  Mill  cover  vision  and 
audition  only*  as  they  are  by  far  the  Most  Important  modalities  in 

nan « 


VlSiON-bETECTlON  AND  PERIPHERAL  EFFECTS 

Perhaps  t.he  best  summary  statement  about  vision  Is  that  it 
changes  considerably  over  the  Morking  years/  but  tnat  in  the 
normal  adult  it  remains  our  most  reliable  sensory  system* 

The  eye  itself  unoergoes  detectable  changes  relatively  early 
in  adult  life.  By  age  40  the  cornea  shoes  a  loss  of  lustre  tnat 
Is  probably  associated  with  a  change  in  corneal  refractive  poMer* 
There  is  also  an  increase  in  the  incioence  of  corneal  "arcus 
senilis"/  a  grey  ring  on  the  outer  band  of  the  cornea  due  to  lipid 
accumulation*  This  condition  occurs  In  less  tnan  It  of  the 
population  before  age  20/  but  It  occurs  In  about  50t  of  the 
population  by  age  50*  Less  obvious  physical  changes  are  also 
founo*  Past  50  the  curvature  and  thickness  of  the  cornea 
increases*  making  acu I ty-i noependent  astigmatisms  more  likely* 

The  pupil  decreases  in  size  from  adolescence/  and  the  latency  of 
Che  pupillary  reflex  Increases  Mith  age*  By  40  tne  tens  mass* 
volume/  and  density  has  increased/  producing  reduced  accomodation* 
This  change  is  linear  Mith  age*  The  lens  yelioHS  in  color/ 
producing  a  filtering  effect  on  incident  light*  The  largest 
effects  are  in  tne  blue-green  region  of  the  spectrum*  The  lens 
changes  its  refraction  index/  causing  a  blurring  of  the  retinal 
Image*  Given  cnese  phenomena  of  normal  aging/  it  is  hardly 
surprising  that  middle-aged  tennis  players  complain  about  outdoor 
night  lighting!  On  a  more  serious  note/  it  Is  clear  that  physical 
changes  in  the  eye  oo  produce  observable/  although  tolerable/ 
visual  problems  by  the  40s. 

In  addition  to  the  normal  processes  of  organ  deterioration/ 
the  risk  of  pathological  cnange  Increases  Mith  age*  Glaucoma/ 
cataracts/  and  most  seriously/  retinal  deterioration  due  to 
untreated  u.'abetes/  are  serious  problems  beyond  45. 

Till'  net  effect  of  these  end  organ  changes  Is  to  produce 
easily  measurable  changes  in  sensitivity  and  in  light-dark 
adaptation  in  the  middle  aged*  Obviously  people  in  their  40s  are 
not  uliiid/  out  their  eyesight  Is  doter  i  or  at  I  ng  in  an  Industrially 
significant  manner*  The  problem  can  be  acute  If  the  Mork 
situdLiori  requires  the  detection  of  weak  signals  in  Iom  levels  of 
illumination/  even  after  time  has  been  allowed  for  dark 
adaptation*  Figure  B  summarizes  data  reported  by  McFarland/ 

Ooirey/  Warren/  and  Ward  (1960)  on  visual  sensitivity  during  the 
process  of  dark  adaptation*  The  figure  shows  clearly  that  both 
tne  rate  of  adaptation  and  tha  asymptotic  sensitivity  after 
adaptation  decrease  from  youth  to  middle  age*  This  is  somethlno 
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for  defection  of  light  as  a  function 
in  dark.  (McFarland  et.  al . ,  1960). 


Figure  8.  Threshold 
and  time 
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one  should  be  aware  of  In  setting  standards  for  perfornance  In  any 
situation  that  requires  movenent  fro*  lighted  to  darkeneo  areas. 

The  glare  produced  by  nigh  iliumination  also  becomes 
increasingly  troublesome  after  age  40*  due  to  Increased  yellowing 
of  the  lens  (Reading*  l?68j  Wolf  and  Gardiner*  1965).  The 
filtering  of  the  aging  lens  differs  according  to  the  light's 
wavelength.  Adaptation  to  glare  from  white  light  Is  faster  than 
adaptation  to  yellow  light  In  young  adults*  but  the  difference 
between  adaptation  to  white  or  yellow  light  Is  reduced  for  older 
individuals  (Reading*  1968).  Thus  older  personnel  should  be  more 
able  than  younger  personnel  to  benefit  from  a  human's  relatively 
high  sensitivity  to  yellow  light  while  being  less  affected  by 
glare.  Whether  this  effect  would  be  large  enough  to  Justify  use 
of  yellow  lights  in  some  environments  is  a  question  that  should  be 
studied  further. 

Industrial  situations  in  which  people  are  asKed  to  detect 
visual  signals  in  fixed  fields  are  probably  rather  rare.  A  more 
common  situation  is  one  in  which  a  person  must  alternate  between 
gazing  at  relatively  close  displays  and  searching  a  distant  visual 
field.  Tnis  occurs*  for  instance*  when  a  person  must  alternate 
between  looking  out  of  a  vehicle  ano  glancing  at  tne  control 
panel.  In  order  to  do  this*  the  eye  must  accomodate  rapidly  to 
vision  at  different  distances.  Formally*  accomodation  is  defined 
as  the  ability  of  the  eye  to  focus  sharp  retinal  images  of 
external  objects  independent  of  object  distance  (Ueale*  1963). 

The  data  shows  that  accomodation  from  far  vision  to  near  vision 
deteriorates  with  age  (Bruckner*1967)*  This  change  is  often 
referred  to  as  "pr esoyop I  a. ”  The  sharpest  declines  occur  shortly 
after  age  40  —  there  Is  a  mean  accomodation  change  of  from  5  to  2 
diopters  from  age  40  to  age  55*  This  change  indicates  that  the 
average  4u  year  old  can  change  focus  from  the  far  point  to  a  near 
point  of  aoout  6  cm.*  but  the  average  55  year  old  can  only  shift 
focus  tw  a  near  point  of  about  50  cm.  Objects  closer  than  50  cm 
can  no  longer  be  maintained  in  sharp  focus.  There  is  also 
evioence  that  tne  ability  of  the  eye  to  accomodate  can  be  affected 
by  the  environment*  for  instance  by  long  term  duty  on  submarines 
(Kinney  eC  al*  iNiote  3).  The  possibility  that  age  changes  in 
vision  can  be  exacerbated  by  particular  environments  should  be 
given  more  study. 

Presoyotic  changes  in  the  visual  near  point  appear  to  be 
caused  by  changes  in  the  shape  of  the  eye*  senile  degeneration  of 
tne  ciliary  body  and  ocular  muscles*  and  loss  of  flexioillty  in 
the  lens.  As  Is  well  known*  these  changes  also  can  result  In 
retractive  cnanges  which  cause  a  deterioration  of  visual  acuity  at 
the  near  ooint.  Put  slmpiy*  tne  magnitude  of  the  uptical 
correction  required  for  reading  increases  exponentially  as  a 
function  of  age  (Weale*  1963).  By  age  50  a  significant  proportion 
of  the  population  requires  glasses  with  a  reading  correction 
(Bernstein  and  Bernstein*  1945).  Visual  acuity  for  far  vision 
also  shows  a  decided  drop  with  agcj.  Figure  9  snows  age  stratified 
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data  on  visual  acuit>  at  the  far  point  I'dO  toot  distance)  compiled 
by  the  National  Center  for  Health  Statistics  (Department 
Health*  bducatlon*  and  welfare*  1977)*  There  is  a  sharp  gecline 
after  ages  in  the  percentage  of  individuals  having  20/20 

vision*  and  a  corresponding  increase  In  the  percentage  0/ 
individuals  Nith  20/50  vision  or  aorse*  Experimental  tests  of 
visual  acuity  also  show  age  declines  during  middle  age  (e.g.* 
ErlKsen*  Hamlin*  and  Breitmeyer*  1970). 

The  preceding  data  showed  age  changes  in  static  visual 
acuity*  or  accuracy  in  perceiving  the  features  of  a  stationary 
object*  Dynamic  visual  acuity  Is  defined  as  accuracy  in 
perceiving  features  of  a  moving  object*  Dynamic  visual  acuity 
also  declines  with  age*  Burg  (1966)  and  Heron  and  Chown  (1967) 
tested  dynamic  acuity  by  having  observers  discriminate  features  0/ 
an  ouject  rotating  in  a  fixed  position  in  the  visual  field, 
burg's  data  (Figure  lOA)  tend  to  show  earlier  and  larger  age 
declines  in  dynamic  acuity  than  Heron  and  Chown's  (Figure  lOB)* 

The  difference  may  be  due  to  the  range  of  visual  acuity  tested* 
Burg's  targets  subtended  smaller  visual  angles  Chan  did  Herun  and 
Chcwn's.  Regardless  of  the  details*  tne  existence  of  an 
age-related  change  in  dynamic  acuity  for  a  rotating  object  is 
clear* 


Reading  (197<.)  had  observers  (20-30  years;  40-50  years)  tracK 
o  target  moving  with  varying  angular  velocity  across  the  visual 
fielu*  Tne  tasK  was  to  detect  the  presence  or  absence  of  a  small 
gap  in  an  oval*  The  data*  shown  In  Figure  11*  follow  the  function 

3 

(1  )  Y  ■  n  +  NX 

where  Y  Is  resolution  acuity*  x  Is  the  angular  velocity  (in 
degrees/sec.  I*  M  is  an  intercept  parameter  ( cor r espond i n o  tn 
static  acuity  at  X  ■  0)*  and  N  is  a  dynamic  acuity  parameter. 
Reading  found  tnat  separate  rt  and  N  parameters  were  required  for 
the  two  age  groups*  Tne  static  acuity  parameter  was  lliT  greater 
for  the  40-pO  year  olos*  while  the  oynamic  acuity  parameter  was 
about  :/07  greater*  The  two  parameters  were  virtually 
uncorrelated.  Thus*  indeperident  age  changes  in  both  static  and 
dynamic  acuity  were  fuund  from  age  20  to  age  oO* 

Anotner  age  change  in  vision  that  may  have  military 
implications  IS  the  shrlhKage  of  the  functional  visual  field 
(Burg*  19&d;  Wolf*  19o7).  Wolf's  data  suggest  that  the  shrinkage 
rate  is  greatest  after  age  50*  although  small  changes  do  occur 
earlier  in  life*  It  Is  well  Known  that  the  orienting  response  to 
a  moving  ooject  oeyono  tne  point  of  focal  attention  involves 
mechanisms  associated  with  motion  detection  in  toe  periphery, 
Whfcther  tne  restrictions  In  the  functional  size  of  the  peripheral 
visual  tieic  would  impair  an  older  persons's  ability  to  detect 
suen  objects  (particularly  in  conjunction  with  reduced  uynamic 
acuity)  is  an  Important*  yet  unanswered*  queition. 
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Figure  9.  Percentage  of  population  with  20/20  vision  as  a  function 
of  age.  Various  estimates  are  shown. 


DYNAMIC  VISUAL  ACUITY 


7i 


6- 


S' 


4' 


3H 


2 


I 


ItO'wOMiM 

ItCrMIH 


20't 


30'»  40’*  S0*»  60’» 

AGE  GROUPS 


TO’t 


Figure  10a.  Dynamic  visual  acuity:  Minimum  gap  in  ring  detected 
with  target  moving  at  the  angular  velocity  indicated 
by  the  curve  parameter.  Data  from  Burg  (1966). 
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target  moving  at  the  angular  velocity  indicated  by  the 


curve  parameter.  Data  from  Heron  and  Chown  (1967). 
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DYNAMIC  VISUAL  ACUITY  AS  A* 
FUNCTION  OF  TARGET  VELOCITY 


Figure  11.  Dynamic  visual  acuity  as  a  function  of  target  velocity 
and  age  (open  squares,  observers  40-50,  closed  squares, 
observers  20-30). 

Data  from  Reading,  1972. 
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Not  all  aspects  of  vision  show  large  declines  during  or 
before  middle  age.  Depth  perception  a.>pears  to  be  stable  until  at 
least  age  <>0  to  45.  The  age  changes  In  depth  perception  that  nave 
been  reported  appear  to  have  been  confounded  witr)  age  changes  In 
acconooation  and  convergence#  and  are  not  age  changes  In  depth 
perception  per  se  (Bell#  Wolf#  and  Bernhotz#  l'V72). 

To  summarize#  age-related  changes  in  the  eye  result  in 
cnanges  in  many  visual  functions#  including  dark  adaptation# 
accomoaat ion#  static  and  dynamic  acuity#  and  functional  size  of 
the  visual  field.  While  these  changes  are  not  large  enough  to 
warrant  a  general  rule  that  middle  aged  personnel  cannot  or  should 
not  do  particular  tasks#  they  are  large  enough  to  warrant  extended 
testing  of  visual  capacity  beyond  the  middle  thircics.  This  is 
particularly  true  if  a  person  might  be  assigned  to  duty  requiring 
a  high  Kvel  of  vision.  We  emphasize  that  standard  test  of  static 
acuity#  such  as  the  familiar  eye  chart#  would  probably  not  be 
adequate  as  a  predictor  of  performance  for  middle  aged  personnel. 
This  point  IS  underscored  by  results  reported  by  Sivak#  Cison#  and 
Pastalan  (I9dl).  They  examined  age  changes  in  night  vision  for 
reading  traffic  signs  in  a  field  situation.  Two  groups  of 
indivluuais  (mean  ages  d3  and  6b)  were  required  to  discriminate  a 
small  retroflect  sign  while  driving  or  riding  In  a  car.  The 
groups  were  matched  for  static  acuity  at  high  brightness  levels. 
SivaK  et  al.  found  the  greatest  distance  at  wnich  the  sign  could 
be  reaa  by  tne  young  and  olu  drivers.  The  greatest  distance  for 
tne  older  drivers  was  only  65  -  77%  that  of  the  younger  drivers. 

In  terms  of  functioning#  if  oloer  and  younger  drivers  were 
traveling  along  a  road  at  the  same  speed#  the  older  drivers  would 
h3ve  less  time  tb  react  to  a  warning  sign.  Perhaps  the  most 
important  point  of  the  Sivak  et  al.  study  Is  that  the  functional 
disparity  in  vision  snown  between  old  and  young  in  the  driving 
Situation  was  not  preoictea  by  their  equivalent  performance  in  a 
higti  brightness  test  of  static  acuity.  This  Is  consistent  with 
data  on  oriving  behavior  in  field  situations.  >Tills  (19801#  in 
reviewing  the  literature  on  perception  and  driving#  notes  that  the 
breakpoint  tor  age-related  increases  In  accident  rates  coincides 
with  the  aje  of  increasing  decline  in  dynamic  visual  acuity.  The 
correlation  between  oynamic  visual  acuity  and  driving  accidents  is 
largest  in  older  populations#  while  tne  relation  to  static  acuity 
remains  low  (Hills#  19b0j  Henderson  and  Burg#  Note  4). 


CtNTRAL  CHANGEi  IN  VISUAL  INFOkNaTIGN  PROCESSING 


Ttie  visual  nervous  system  is  organized  into  a  highly  complex 
network  of  visual  ’'channels#”  h  i  e  r  ar  cn  t  c«  1 1  y  ordered  networks  of 
brain  cells  designed  to  be  sensitive  to  specific  visual  features 
In  precise  spatial  locations  in  tne  visual  field.  Visual  channels 
are  selectively  activated  according  to  Che  salient  properties  of 
the  visual  stimulus#  especially  size#  orientation#  contrast  ratio# 
and  spatial  frequency.  Recent  evloence  collected  by  Sekuler# 
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Hutmanf  and  Onsley  (1<38U)  suggests  greater  age  decline  in  the 
sensitivity  of  channels  tuned  to  Ioh  spatial  frequency 
infornation*  SeKuler  et  al.  examined  the  ability  of  old  ano  young 
subjects  tu  d  i  scr  i  0)  I  na  te  vertical  gratings  varying  in  spatial 
frequency  (frequencies  ranging  from  to  16  cy c I es /degr ee )  • 

There  were  no  age  differences  at  hi^h  spatial  frequencies^  but  age 
differences  in  contrast  sensitivity  emerged^  and  increased 
progress i vei y>  as  spatial  frequency  decreased.  Tnese  changes  were 
not  a  function  of  ocular  pathology  or  poor  visual  acuity.  Hore 
work  is  needed  to  determine  the  age  at  which  this  change  in  low 
spatial  frequency  sensitivity  occurs^  and  to  determine  which 
levels  of  the  visual  nervous  system  contribute  to  the  effect. 

Other  reports  have  indicated  age  declines  in  the  quality  of 
visual  information  processing.  Szafran  (I9t8)  examined 
recognition  thresholds  for  shapes*  numbers*  letters*  and  words* 
using  young  and  old  commercial  pilots  as  observers.  He  calculated 
Channel  capacity  curves  by  plotting  output  information  (in  bits) 
against  Input  information.  There  were  small*  out  reliable  age 
Changes  in  the  information  transmitted*  although  individual 
differences  were  large  relative  to  the  size  of  the  age  effects. 
These  and  other  results  led  Szafran  11968)  to  suggest  that  age 
changes  in  visual  Information  analysis  are  a  function  of  age 
increases  in  the  level  of  internal  “neural  noise"  in  the  visual 
system.  Gregory  (19ii7|  see  also  Vickers*  Nettiebeck*  and  Wilson* 
1972)  advanced  a  similar  hypothesis*  baseu  upon  some  evidence  of 
age  changes  In  differential  thresholds.  Although  widely  cited 
(e.g.*  vielfuru*  1981)*  the  neural  noise  hypothesis  nas  yet  to 
receive  a  definitive  test*  Indeed*  we  regard  the  data  of  Szafran 
(i968)  and  Gregory  (19??)  for  age  changes  in  the  accuracy  of 
visual  a  I s cr  i  m  in  a t i on  as  preliminary. 

There  is  good  evidence  for  age  changes  in  the  speed  of 
informacion  processing  by  the  visual  channels.  Host  studies  of 
Che  speeo  of  identification  of  visual  stimuli  use  some  variant  of 
an  experimental  paradigm  known  as  visual  masking.  The  events  in  a 
masking  stuay  are  shown  in  figure  12.  First  a  target  stimulus  is 
presented*  at  an  Intensity  that  would  ensure  easy  detection  were 
It  to  be  left  in  front  of  tr.e  observer  indefinitely.  The  target 
stimulus  is  folioweu  Oy  a  masking  stimulus  (or  "mask")  whicn 
overrides  the  visual  image  of  tfe  initial  stimulus.  The  time 
no  tween  initiation  of  the  stimulus  ana  the  mask  is  called  tne 
^.tiiiulus  Inset  Asynenrony  (SHA).  The  SOA  can  be  thought  of  as  tlia 
sum  ot  two  partsi  the  time  the  target  Is  displayed*  or  tie  target 
duration  (TD*  and  the  ueau  time  inbetween  the  target  and  mask* 
the  inttrstimdlus  Interval  (ISI).  The  purpose  of  a  masking 
experin. er. t  Is  to  uetermlne  the  sfiortest  SHA  (sometimes*  the 
shortest  i*^!)  at  which  an  observer  can  make  a  reliable 
I  d  e  ii  t  I  t  i  c  <1 1 1  on  of  the  target  stimulus.  This  shortest  SDA  is 
called  tne  masking  thresholo.  It  may  be  used  as  a  measure  of  tne 
speed  or  visual  identification. 

Turvey  (Turvey*  1973*  Michaels  and  Turvey*  1979)  has  snown 
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Figure  12.  Sequence  of  events  in  visual  masking. 
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Figure  13.  Interstimulus  interval  to  escape  peripheral  masking,  as 
a  function  of  age  and  intensity  of  target.  (After  Walsh, 
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that  there  are  at  least  two  different  types  or  nasKing. 

Peripheral  fflasMIng  effects#  which  are  largely  controlleo  by  the 
physical  Intensity  of  the  nask#  arise  primarily  because  the  target 
ana  nasK  stimuli  are  integrated  into  a  single  functional  stimulus 
n  tne  earliest  stages  of  visual  processing*  Central  masking 
phenomena  depend  upon  the  perceptual  relation  between  the  stimulus 
and  the  mask*  Central  masking  Is  greatest  If  tne  mask  is 
constructed  of  visual  features  similar  to  those  used  to  construct 
the  stimulus.  These  are  called  "pattern  masks."  The  central 
nature  of  masking  Is  shown  by  the  fact  that  pattern  masks  are 
effective  under  dichoptic  presentations  —  i*e.»  when  the  mask  is 
presented  to  one  eye  and  the  target  to  the  other. 

As  its  name  implies#  peripheral  masking  is  thought  to  be  due 
to  the  interaction  between  tne  target  and  mask  in  tne  peripheral 
visual  system  (the  retinal  and  visual  tract  prior  to  the  point  of 
tne  fusing  of  information  from  tne  two  eyes).  Peripheral  masking 
depends  upon  the  intensity  of  Illumination  of  the  target  and  mask# 
in  accordance  with  the  following  rule! 

B 

(21  TE  X  SQA  -  K  » 

wnere  TE  Is  the  target  energy#  B  is  an  unknown  exponent#  SOA  is 
the  critical  SOA#  and  K  is  a  constant.  K  Is  characteristic  of  an 
indivioual's  performance  at  a  set  level  of  accuracy.  What  the 
rule  in  Equation  ?.  Indicates  is  that  the  masking  tnreshold  (SDA) 
decreases  as  target  energy  increases*  In  fact#  above  a  certain 
level  of  target  energy#  which  varies  from  person  to  person#  nu 
masking  occurs. 

A^e  differences  between  young  and  old  adults  have  been  found 
in  peripheral  masking#  and  appear  to  be  restricted  mostly  to  K  and 
not  6  (Till#  1V7P;  Walsh#  Till#  ana  Williams#  lV7d).  In  other 
words#  age  does  not  seem  to  change  the  form  of  tne  power  function# 
but  older  persons  require  longer  SOAs  to  escape  the  masking 
function.  Walsh  (Note  A)  recently  reported  peripheral  masking 
data  which  Included  a  middle  age  group*  His  sample  consisted  of 
2A  young  (mean  age  16.7  years#  range  17-21  years)#  2A  middle  aged 
(mean  age  40.5#  range  tO-P3  )#  and  24  old  (mean  age  /0.3#  range 
f-7<,  years)  adults#  who  were  either  University  students  or 
alumni.  Tne  critical  IS!  to  escape  masking  Is  shown  in  Figure  13* 
There  appear  to  be  reliable  differences  in  the  peripheral  masxing 
constant  between  the  young  and  middle  aged  subjects  (the  exponent 
B  did  not  differ  between  them).  This  result  means  that#  for  a 
fixed  target  energy#  tne  micdie  aged  persons  were  susceptible  to 
masking  for  a  longer  time.  Note  that  the  data  for  the  middle  aged 
observers  were  more  like  tne  data  for  the  older  observers. 

The  age  Increase  In  peripheral  masking  thresholds  coulo  be 
attributed  to  two  sources:  oecreased  energy  Incident  at  tie  retina 
(because  of  yellowing  of  the  lens  and  other  effects  discussed 
above)#  or  slowed  transmission  time  In  the  peripheral  visual 
Channels.  walsh  (Note  5)  Walsh#  Till#  and  Williams#  1976)  argues 
that  the  effect  probably  represents  sfoweo  peripheral  channel 
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anaiysisf  since  individuai  oiffarences  in  thresnoids  for  the 
target  stimuli  alone  account  for  relatively  small  amount  of  the 
variance  in  ISI  across  individuals  in  each  age  group*  The 
evidence  for  the  exclusion  of  ocular  factors  is  still  scanty# 
however#  and  further  research  on  this  question  aould  be  in  oroer. 

UnliKe  peripheral  masking#  central  masking  is  relatively 
Independent  of  target  and  mask  energies.  Instead  it  appears  to  be 
a  function  of  che  time  needed  to  decode  tne  visual  features  of  the 
target  and  then  identify  it.  Central  masking  obeys  the  rulei 

(3)  SOA  ■  Tu  ISI  ■  K  # 

where  SOA  Is  the  critical  SCA  to  escape  masking#  TO  is  the  target 
duration#  ISI  is  tne  critical  ISI  to  escape  masking#  and  K  is  a 
central  masking  constant.  Tne  K  in  Equation  3  Is  also  a 
characteristic  of  a  given  individual  and  level  of  accuracy#  hut  It 
is  clfferent  from  the  constant  of  the  peripneral  rule  (Eouatlon 
2). 


Age  differences  in  central  masking  have  been  shown  ty  age  ^0 
(Walsh/  Note  Williams#  Note  6).  walsh  found  SO As  of 
approximately  bO#  bO#  and  65  msec  for  his  20#  46>  ana  70  year  old 
groups#  respectively  (these  SOAs  are  inexplicably  shorter  than 
those  of  previous  studies  in  tne  same  laboratory  —  e.g.#  Walsh# 
Williams#  and  Hertzog#  1979)*  In  Walsh's  studies#  the  target 
stimuli  are  letters*  walsh  (Note  5)  also  varied  the  number  of 
letters  In  the  target  from  1  to  3.  Masking  thresholds  for 
multiple  element  targets  are  of  interest  because  tne  additional 
time  taken  to  identify  the  extra  targets  reflects  readout  time  of 
information  from  a  short  term  visual  storage  system  ofter^  called 
"Iconic  memory".  Walsh*  data  are  shown  in  Figure  14.  He  assumed 
that  the  letters  were  read  out  of  iconic  memory  one  at  a  time,  and 
therefore  fit  a  linear  equation  to  the  data  (the  thin  lines  In 
Figure  14).  Even  without  committing  oneself  to  tne  validity  of 
the  serial  r aaoout  assumption  (Sperling#  67)#  The  slope  of  the 
linear  equation  may  be  taken  as  a  rough  measure  of  the  speed  of 
information  readout  from  iconic  memory.  As  can  be  seen  from 
Figure  14#  tr.v  Increase  In  SdA  from  1  to  3  letter  targets  appears 
to  interact  with  age  —  note  the  roughly  40  msec,  difference 
between  young  and  middle  aged  individuals  for  tne  3  letter 
targets.  These  results  sugt,est  slowed  iconic  readout  by  age  45. 

It  would  be  desireabie  to  extend  the  research  to  rina  the  age 
where  the  decline  in  Iconic  readout  speed  begins* 

In  absolute  terms#  a^e  differences  in  masKing  thresholds  are 
not  lar/c.  The  ulfference  between  observers  in  their  20s  and  60s 
In  sot  i  for  single  letter  targets  is  on  tlie  ord«r  uf  ’5  msec. 

This  ulrterence  is  small  relative  to  age  differences  in  motor 
reaction  times  (see  below).  Nevertheless#  any  age  effects  on 
masking  functions  are  of  interest  because  of  their  theoretical 
interpretation*  Central  masking,  in  particular#  provides  a  fairly 
oirect  measure  of  the  speed  of  informatiori  processing  in  the 
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Figure  14.  Interstimulus  interval  required  for  correct  recall  of 
letters  in  central  masking  paradigm,  as  a  function  of 
age  and  number  of  letters.  (Walsh,  et.  al.,  1979). 
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Figure  15.  Visual  scanning  task. 
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visual  nervous  systeii.  Changes  in  Masking  do  appear  to  occur  by 
Middle  age.  FurtherHore*  studies  Measuring  the  brains  electrical 
response  during  stlMulus  identification  also  show  slowing  of  brain 
activity  with  advancing  age  (Ford  ano  Pfefrerbaua*  1980).  Thus  a 
Modest  decline  in  MasKlng  May  be  an  Indication  of  a  pervasive 
slowing  process  that  could  have  Multiplicative  effects  In  complex 
probleM  solving  situations.  As  wa  shall  see>  there  Is  a  good  deal 
of  evidence  to  snow  that  a  generalized  slowing  of  cognitive 
processes  does  occur  with  age.  It  would  therefore  oe  useful  to 
have  studies  in  which  Measures  of  slowing  at  several  levels  of 
cognitive  processing  were  taken  —  for  example#  Measures  of 
masking  could  be  related  to  perforMance  In  situations  requiring 
visual  scanning#  stimulus  Identification#  and  problem  solving. 

To  close  tnis  section#  we  consider  a  more  complex  task.  In 
visual  scanning  studies#  the  observer  must  locate  a  target  figure 
In  a  field  of  distractors  —  e.g.#  determine  whicn  lines  nave  the 
letter  "X"  In  the  display  In  Figure  15.  A  large  number  of  studies 
nave  sr own  tnat  the  elderly  (age  60  and  beyond)  are  slower  tnan 
young  acults  in  visual  scanning  (Rabbitt#  1968)#  and  are  more 
likely  to  be  distracted  by  irrelevant  information  during  scanning 
(Rabbitt#  1965).  However#  those  studies  that  have  Included  a 
middle  aged  group  have  typically  not  shown  changes  in  scanning 
rates  from  age  to  50.  While  this  makes  it  likely  that  the  mam 
chan..es  in  scanning  rates  occur  after  age  50#  tne  available  data 
are  quite  I Imi ted. 

An  implicit  assumption  of  most  scanning  studies  Is  tnat  the 
Observers  are  responding  as  fast  as  they  can  without  making 
errors.  In  fact#  though#  people  can  trade  off  speed  for 
probability  of  error.  Thus  an  apparent  slowing  of  scanning  speed 
with  age  might  reflect  the  adoption  of  a  more  cautious  search 
strategy  rather  than  a  loss  of  the  capability  to  scan  rapidly 
(Pachella#  197q).  Hoyer#  Pebok#  and  Sved  (1979)  observeo  that 
individuals  in  their  40s  ana  50s  were  sloner  but  more  accurate  In 
a  visual  sorting  task  similar  to  visual  scanning.  This  results 
suggests  Chat  the  miodle  aged  individuals  might  have  traded  off 
speed  for  greater  accuracy#  perhaps  because  of  a  lower  tolerance 
for  errors.  Older  adults  often  appear  intrinsically  to  prefer 
accuracy  over  speed  in  triest  kinus  of  experiments  (Rabbitt#  1977)# 
but  a  siTple  tradeoff  probably  ooes  not  account  for  all  the  speeu 
differences  In  visual  scanning  when  one  compares  early  adulthood 
tu  tne  retirement  ages. 

Til  ere  seems  to  be  a  difference  beween  tne  way  that  visual 
scanning  studies  are  done  in  tne  laboratory  and  the  way  tnat 
visual  scanning  seems  to  occur  in  most  practical  situations.  In 
tne  typi<.ai  laboratory  study#  the  observer  is  asr\eu  to  scan  a 
display  and  oo  nothing  else.  In  field  situations  visual  scanning 
Is  typically  done  in  conjunction  with  other  tasks.  To  illustrate# 
a  motor  venicle  driver  continues  to  guloe  the  car  while  scanning 
road  signs.  Rabbitt  (1977#1979)  has  found  that  differences  In  the 
visual  scanning  performance  of  young  and  eloerly  subjects  can  be 
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magnified  either  by  increasing  the  number  of  distractors  in  a 
display  or  by  introducing  an  ancillary  (memory)  tdsK.  This  sort 
of  result  has  lead  several  people  to  conclude  tnat  visual  scanning 
demands  "attent I ona I  resources”*  and  that  these  resources  are 
reduced  with  age  (Rabbitt*  1979)  Hasher  and  Zacks*  1979;  see  tbe 
section  on  Attention  below).  Rabbitt*s  results*  which  are  not 
based  on  studies  using  middle  aged  subjects*  suggest  the  need  for 
further  exploration  of  age  changes  In  scanning  performance  when 
done  in  conjunction  with  other  tasks. 

Another  Indication  that  age  changes  properties  of  perception 
is  the  change  in  several  visual  illusions*  such  as  the  HuMer-Lyer 
illusion.  Comalii  (1970)  has  reviewed  a  large  body  of  data  which 
suggests  that  older  persons  have  Illusions  similar  to  young 
cnildren  —  that  is*  a  "regression"  of  the  perceptual  illusion  to 
pre-adult  levels.  However*  most  of  the  change  appears  to  occur  In 
the  late  60's  and  70's*  and  Is  not  of  paramount  Interest  for  this 
report. 

One  way  of  summarizing  the  results  of  the  various  studies  on 
age  ano  visual  detection  and  identification  is  to  consider  what 
sort  of  tasks  would  be  expected  to  reveal  performance  differences 
between  people  in  tneir  ZOs  and  AOs.  If  the  task  required 
detection  of  rapidly  moving  targets*  at  low  levels  of 
Illumination*  younger  observers  should  oe  markedly  better*  enough 
so  tnat  the  difference  might  be  of  serious  concern  to  equipment 
designers*  If  tne  task  requireo  rapid  identification  of  single 
stimuli  tne  younger  observers  might  still  be  more  rapid*  but  their 
advantage  would  probably  be  much  reduced.  If  the  task  required 
that  the  observer  pick  out  a  clearly  distinct  stimulus  from  an 
array  of  stimuli  of  the  same  type*  large  age  differences  would  not 
be  expected.  However*  perhaps  age  effects  would  reappear  It  the 
scanning  task  were  made  more  difficult  or  if  it  were  to  be  done  in 
conjunction  wltn  other  tasks. 


AUDITION 

HedTlnj  is  exceptionally  sensitive  to  age.  Many  changes  in 
audition  are  associated  with  straightforward  cnanges  in  the 
physiology  of  the  Inner  ear;  atrophy  ana  degeneration  of  hair 
cells  and  supporting  structures  in  the  oasai  coil  of  the  cochlea* 
atrophy  of  the  stria  vascularis  of  the  seal*  media  (leading  to 
deficlences  in  enoo I ymphat I c  fluids)  ano  atrophy  of  structures 
associatea  with  cochlear  vibration.  Each  of  these  changes  miqht 
theoretically  oe  associated  with  different  types  of  loss  of 
auditory  sensitivity  (pr esbyacus I s ) .  The  cochlear  changes  should 
be  associateo  with  specific  high  frequency  hearing  losses  that  are 
characteristics  of  aovancing  age.  Changes  in  tne  endo  I  yn.pnat  i  c 
fluids  Should  lead  to  a  uniform  loss  In  sensitivity  at  ail 
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frequencies^  combined  with  loudness  recruitments  so  that  noisy 
situations  should  maKe  fine  discriminations  harder*  Changes  in 
cochlear  vibration  should  be  associated  Mitti  a  graded  loss  of 
hearing  from  low  to  high  frequencies.  All  these  pnenoinena  have 
been  observed  (Bergman#  198u}  Corso#  1977).  In  addition#  there 
are  age  related  differences  in  hearing  that  are  prooably 
associated  Mith  central  nervous  system  factors*  Isolation  of  the 
central  from  the  peripheral  effects  is  an  important#  but  difficult 
task*  Speech  perception  is  a  good  illustration*  The 
understanding  of  speech  seems  intuitively  to  be  a  central  process* 
A  measured  loss  in  speech  perception  cannot  routinely  be 
attributed  to  CNS  deterioration#  because  peripheral  changes  may 
limit  the  quality  or  tne  perceived  speech*  To  account  for 
oeripheral  effects#  studies  of  age  differences  in  speech 
perception  often  speech  perception  after  equating  subjects  for 
peripherally  produced  presbyacusis  (Corso#  19/7)*  Hohever#  it  is 
not  always  clear  that  matching  listeners  on  tne  perception  of  pure 
tones  in  a  given  set  of  frequencies  (or  any  other  single 
criterion)  ooes  In  fact  equate  individuals#  since  they  may  differ 
In  forms  of  hearing  loss  not  tested  by  that  criterion* 

associated  losses  occur  in  the  ability  to  detect  pure 
tones  by  age  40#  If  not  sooner#  although  very  pronounced  changes 
00  not  occur  until  somewhat  later*  Figure  16  shows  that  auditory 
sensitivity  to  pure  tones  declines  exponentially  from  young 
adultnood#  with  the  greatest  loss  at  high  frequencies*  The 
largest  declines  are  at  hlafar  frequencies  than  those  criiical  for 
perception  of  normal  speech  (roughly  1000  to  2500  Hertz)#  but  some 
age-related  decline  in  the  speech  frequencies  Is  observed*  For  an 
as  yet  unknown  reason#  the  loss  Is  less  in  women  tnan  In  men* 

Corso  (1977)#  In  reviewing  these  data#  states  that  beyono  the 
middle  30's  some  nearing  loss  Is  evident  in  virtually  all 
individuals*  Bergman  (19b0)  emphasizes  the  complementary  side  of 
tne  picture  —  namely#  that  there  are  both  individual  differences 
ano  iub popu I  at  I  on  differences  In  presbyacusis  curves!  We  should 
emphasize  then  that  tne  curve  In  Figure  itf  Is  representative  of 
average  pure  tone  sensitivity  for  members  of  Western 
Industrialized  societies* 

In  addition  to  loss  in  detection#  lo^s  in  d I s c r i m I n a b 1  I  1 1 y  of 
supratr.  res  hold  stimuli  also  occurs*  Fljure  17  demonstrates  tnis# 
by  showing  pitcn  discrimination  as  a  function  of  age  and  frequency 
(Konij#  i,v57)*  As  was  the  case  tor  oetection#  tne  loss  is 
progressively  greater  as  tae  frequency  of  the  sounds  increases* 

Tne  loss  of  discrimination  at  the  higher  frequencies  in  Figure  17 
is  clearly  evident  in  the  26  -  35  age  range.  The  oata  from 
Figures  io  and  1?  Indicate  that  It  may  oe  necessary  to  screen 
micdic  aged  personnel  for  hearing  loss  if  analysis  of  middle  to 
high  fri.qoeiicy  sounds  (roughly#  greater  than  Hertz)  Is  an 

Important  aspect  of  their  gobs* 

wt.ile  there  are  industrial  situations  in  whlcn  tone  oetection 
and/or  discrimination  is  important#  speech  perception  Is  far  more 
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laportant*  As  Figures  16  and  17  shON>  there  are  losses  of 
auditory  capacity  in  the  speech  frequencies  during  the  age 
interval  20-33.  These  oecome  nore  marked  later  In  life.  The 
importance  of  these  losses  vary  greatly  with  the  conditions  of 
speech  perception.  Bergman  et  ai.  (1976)  determined  speech 
detection  in  listeners  whose  age  varied  from  20  to  over  70.  Both 
longitudinal  and  cross-sectional  data  were  taken#  making  this 
study  one  of  the  better  designed  ones  in  the  literature.  In 
addition  to  determining  detection  of  normal  speech#  speech 
detection  was  determined  under  a  variety  of  adverse  conditions.  A 
portion  of  the  resulting  data  Is  shown  In  Figure  18.  Three 
functions  are  shown#  for  age-related  perception  of  normal  speech# 
speech  presented  with  a  competing  speech  signal  In  the  background# 
and  speech  that  was  interrupted  electronically#  as  might  be  the 
case  in  a  static-prone  radio  transmission.  As  can  be  seen  from 
the  figure#  there  is  little  interference  with  normal  speech 
perception  until  beyond  age  60.  Somewhat  mere  age-related 
decrement  is  shown  in  selective  listening#  and  very  marked 
aecreoients  are  shown  in  listening  to  Interrupted  speech.  Corso 
(1^77)  suggests  that  much  of  the  reouceo  speech  perception  with 
advancing  age  may  be  a  function  of  increaseo  time  to  process 
information  in  the  auditory  cortex.  The  peripheral  changes 
discussed  above  probaoly  contribute  to  the  deficit  also. 

Serg.i4an  et  al.'s  experiment  is  an  important  one  for  two 
reasons.  Conventional  audiometric  examinations  determine  pure 
tone  frequency  nearing  loss#  on  the  assumption  that  this 
correlates  well  with  the  perception  of  spoken  words  (Geldard# 
1972).  While  this  may  be  the  case  for  the  perception  of  single 
words  in  isolation#  other  factors  may  be  involved  in  the 
perception  of  sentences  under  adverse  listening  conditions. 

Bergman  (1980)  suggests  that  high  frequency  hearing  loss  will  In 
fact  "generally  create  considerable  difficulties  in  understanding 
speecii  Heard  under  otner  trian  optimal  conditions"  (page  30.  A 
recent  study  reported  Dy  Bergman  (1980)  emphasizes  this  point, 
hlodle  aged  (ages  qo  -  63)  and  older  listeners  had  more  difficulty 
understanding  speech  of  talkers  whose  voice  and  speech  patterns 
were  rated  as  poor.  whispered  speech  was  particularly 
troublesome.  Bergman's  explanation  is  that  whispered  speech 
reduces  the  amount  information  avallaoie  from  glottal 
(phonatory)  energy^  placing  greater  Import  on  tiie  relatively  nigh 
frequency  information  present  In  the  formants  and  consonants. 

Since  many  industrial  situations  do  InevltaDly  involve  poor 
listening  conditions#  It  would  be  advisable  to  determine  whether 
or  not  oefecis  in  practical  speech  perception  are  identified  by 
current  aodlometric  measurement  techniques  and#  if  they  are  not# 
what  new  measurement  techniques  woulu  oe  appropriate.  A  second 
point  to  Keep  in  mind  about  Bergman  et  al's  results  Is  that#  if 
anything#  they  may  understate  the  seriousness  ol  the  situation. 

In  the  Bergman  et  al.  experiments#  listeners  generally  were 
required  to  report  speech  verbatim.  If  they  nad  also  been 
required  to  comprehend  and  evaluate  that  speech#  tne  added 
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Figure  18.  Speech  intelligibility:  Percent  decrement  from  Age  20, 
as  a  function  of  age.  Solid  line-normal  speech.  Dashed 
line-selective  listening  in  the  presence  of  competing 
voices.  Dotted  line-speech  interrupted  8  times/second. 
Data  from  Bergman  et.  al.,  1976. 
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processing  requirenent  might  have  Interacted  wltn  the  attentional 
demands  of  the  difficult  speech  perception  task  to  produce  even 
greater  age  deficits* 

While  certain  changes  in  the  auditory  system  are  Inevitably 
age-re  I ated«  personal  experiences  are  also  strongly  involved  In 
the  determination  of  adult  hearing  capacity*  It  is  well  knOHn 
that  env iornmental  events*  in  particular  exposure  to  intense*  high 
frequency  noises  for  a  long  period  of  time*  can  produce  marked 
loss  of  hearing*  Sucn  situations  are  particularly  common  in  an 
Armed  Services  environment*  Whether  or  not  environmental  damage 
is  additive  to  an  age  effect*  or  interactive*  Is  not  known*  This 
probably  depends  upon  the  precise  type  of  damage  produceo  by  the 
environment  (Corso*  1977)*  Part  of  the  differences  In 
presbyacusis  curves  between  populations  of  adults  may  be  a 
function  of  environmental  factors*  The  differences  can  be  quite 
large*  Figure  19  shows  data  for  2585  Wisconsin  residents  and  541 
Habaans*  a  group  of  Sudanese  tribesmen*  Note  that  the  hearing 
loss  in  the  Habaans  tribe  Is  much  smaller  than  the  loss  in  the 
Wisconsin  residents*  The  Wisconsin  residents  may  be  more 
representative  of  tne  population  of  American  service  personnel* 
More  seriously*  the  data  of  Figure  19  illustrate  dramatically  how 
much  of  our  “normal"  aging  trend  may  in  fact  be  a  reflection  of 
our  normal  environmental  hazards  and  personal  health  hazards* 

Consistent  with  these  findings*  there  is  evidence  that  the 
(j*S*  population  as  a  whole  Is  becoming  more  hard  of  hearing*  The 
rate  of  incidence  clinical  deafness  in  1980  was  approximately  300 
per  10*000*  up  from  under  200  per  10*000  in  1940*  By  the  turn  of 
the  century  the  deafness  figure  Is  expected  to  reach  360  per 
10*000  (Watson  and  Tolan*  1967)*  If  we  assume  that  the  incidence 
of  subcllnicai  cases  of  hearing  loss  is  proportional  to  the 
deafness  figures*  this  means  that  there  is  a  marked  cohort  effect* 
i.e*  that  the  30  and  40  year  olds  of  tomorrow  will  nave  a  greater 
incidence  of  hearing  troubles  than  do  people  in  this  age  bracket 
today.  Part  of  this  cohort  effect  might  be  related  to  personal 
nabits  —  Kryter  (1970)  has  reported  a  high  level  of  noise-related 
deafness  ano  hearing  loss  In  rock  musicians!  The  impact  of  the 
increasing  incidence  of  major  hearing  loss  upon  industrial 
perfurniance  snoulo  be  investigated* 

Inexplicably*  tnere  are  no  studies  in  the  literature  of  age 
chanwes  in  the  speed  and  integrity  of  auditory  information 
processing  analogous  to  the  studies  in  visual  information 
prociissinj  reporteo  in  the  preceding  section*  For  example*  we  do 
not  Know  how  tne  process  of  information  readout  from  echoic  memory 
(the  auditory  equivalent  of  Iconic  memory  in  vision)  is  affected 
b*  aging  (Crowder*  1980).  Since  the  organization  of  auditory 
Cortex  and  related  pathways  in  the  brain  differs  from  the 
organization  of  the  visual  centers  (e*g*>  there  are  more  primary 
cortex  areas  devoted  to  audition  than  vision)*  we  should  not 
assume  tnat  age  changes  In  the  two  systems  would  be  strictly 
identical. 
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CPMMEM  ON  SENSOi^Y  CAPAClTItS  AND  AGE 


H<in>  of  the  sen&ory  detection  ano  discrimination  studies 
currently  in  the  literature  have  relied  upon  a  person's  ability  to 
detecc  a  stimulus#  assuming  that  all  individuals  use  tne  same 
criterion  for  oetection*  If  there  is  a  systematic  shift  in 
criteria  uitn  age#  in  the  direction  of  demanding  a  higher 
criterion  signal  oefore  responding#  then  increases  in  "caution" 
Moulo  appear  as  decreases  in  sensory  sensitivity.  A  limited 
amount  of  evidence  suggests  that  this  is  Indeed  a  possibility 
(CraiK#  l'-y69j  Rees  and  BotMinick#  1971).  While  It  seems  unllKely 
tnat  d  repetition  or  tne  studies  we  have  reported  using 
criterion-free  methods  (e.g*#  Signal  Detection  Theory  approaches) 
would  eliminate  the  age  effects#  the  magnitude  of  the  estimated 
age  change  might  be  reduced.  If  It  were  the  case  that  some  of  the 
age  changes  were  inaeed  a  function  of  the  observer's  criterion# 
then  middle  aged  personnel  could  oe  trained  to  Increase  their 
frequency  of  false  alarms  to  adjust  for  cases  where  a  missed 
signal  would  have  a  nigh  cost. 

Stuaies  demonstrating  cefects  In  simple  detection  of  stimuli 
are  apt  to  oe  dismissed  with  the  comment  that  there  are  obvious 
prosthetic  measures.  Eye  glasses  are  common  in  our  society*  It 
Is  much  haroer#  nowever#  to  remedy  perceptual  and  sensory  defects 
that  are  associated  with  accomodation  to  ranges  of  stimuli!  e.g* 
rapid  shifting  of  the  gaze  from  far  to  near  and  back  again#  or 
filtering  a  signal  through  noise  in  a  speech  perception  task. 

While  the  typical  man  or  woman  in  the  AO's  is  neither  olind  nor 
ueaf  in  tne  clinical  sense#  drops  in  the  sensitivity  of  vision  and 
hearing  in  ti)i;>  age  range  are  large  enough  to  warrant  study  of  how 
they  afhect  performance  In  demanding  work  environments. 

In  this  section  our  focus  has  been  on  sensory  and  primitive 
perceptual  processes#  to  the  exclusion  of  more  complex  processes 
of  stimulus  analysis  and  response  production.  Although  the 
interaction  between  sensory  ano  higher  order  cognitive  processes 
has  been  little  studied#  it  may  be  quite  important  both 
theoretically  and  practically*  we  shall  argue  oeiow  tnat  nigner 
ofoer  cognitive  functioning  demands  attention#  and  that  one  of  the 
Characteristics  of  oluer  incivicuals  is  reduceo  attentional 
capacity.  In  younger  individuals#  aoequate  sensory  perception  may 
prcceec  almost  independent  of  any  allocation  of  attention#  whereas 
the  oluer  individual  may  achieve  the  same  level  of  sensory 
perception  only  by  actively  attending  to  the  stimulus  channel, 
Primitive  acts  of  perception  become  competitors  for  attention  for 
tne  older  person  in  a  way  tfat  they  are  not  for  the  younger.  Thus 
an  older  person  wiio#  with  effort#  could  pass  a  test  designea  to 
evaluate  sensory  functioning  and  nothing  else#  might  not  be  able 
CO  function  in  a  job  that  combined  sensory  perception  with  more 
complex  tasks* 
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Minor  sensory  problems  can  lead  to  psychological  discomfort* 
even  If  they  do  not  affect  job  performance  directly*  Among  the 
elderly  there  is  clear  evidence  of  emotional  disturbance 
associated  with  sensory  loss*  especially  Nhen  i.nat  loss  affects 
functioning  in  intellectual  situations  (Corso*  1977).  Whether 
minor  problems*  such  as  irritability*  mould  be  characteristic  of 
middle  aged  individuals  working  in  noisy  or  low  vision 
environments  is  a  matter  for  speculation*  As  the  success  of  the 
volunteer  services  depends  heavily  upon  attracting  these 
Individuals  to  military  careers*  and  keeping  them  in  those 
careers*  some  thought  should  be  given  to  changes  in  working 
situations  that  can  avoid  such  problems* 


5*  THE  capacity  TO  ATTEND 

In  studies  of  visual  and  auditory  capacity*  ic  Is  implicitly 
assumed  that  the  individuals  being  evaluated  are  giving  their  full 
attention  to  the  test  stimulus*  The  assumption  is  probably 
correct*  oecause  testing  situations  are  simple  (e*g*  a  listener 
may  be  asked  if  he  or  she  hears  a  tone)  and  because  testing 
sessions  are  brief*  Wnen  more  cognitive  abilities  are  being 
examined*  as  in  studies  of  memory  or  problem  solving*  care  must  be 
taken  to  control  a  subject's  allocation  of  attention  to  various 
aspects  of  the  task*  Attention  allocation  Is  also  of  considerable 
practical  interest*  Many  accidents  are  "explained"  by  saying  that 
tne  people  involved  failed  to  attend  properly*  There  Is  also  a 
great  deal  of  anecdotal  evidence  suggesting  that  the  ability  to 
control  attention  decreases  with  age*  Most  of  the  anecdotes  have 
to  do  Pith  I naitent i veness  in  old  age*  Less  is  Known  about  changes 
in  attention  as  people  move  from  their  twenties  to  their  sixties* 
Clearly  the  average  person  of  thirty  or  forty  does  not  lose  the 
ability  to  concentrate  to  the  point  that  inattentiveness  becomes  a 
personal  problem  requiring  professional  help.  As  was  pointed  out 
in  the  Introduction*  a  small  decrement  In  a  psychological  function 
may  be  trivial  to  an  individual  but  Important  on  a  population 
basis*  Given  thac  changes  in  attentiveness  are  observed  in  the 
elderly*  It  is  reasonable  to  ask  whether  or  not  minor  changes  In 
attentiveness  can  be  observed  during  the  working  years* 

This  question  is  hard  to  answer*  Attention  must  be  measured 
Inuirectly*  by  observing  peiformance  on  tasKS  that  require 
attention*  but  that  also  oraw  on  other  psychological  functions. 

To  illustrate*  suppose  that  someone  has  a  notoriously  poor  inemory 
for  peoples'  names.  Is  this  because  tne  Individual  does  not  pay 
attention  when  introduced  to  strangers*  or  because  the  person's 
perception  is  deficient*  or  because  the  person  finds  it  hard  to 
store  and  retrieve  information?  More  particularly*  because  it  is 
reasonable  to  believe  that  people  lose  some  ability  to  control 
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attention  as  they  aye*  a  number  of  experiments  on  memory^  problem 
solving^  and  oeclsicn  making  have  been  "explaineo"  by  assuming  a 
loss  of  attention*  We  shall  argue  below  that  this  conclusion  Is 
warranted  only  in  fairly  limited  c i rcums t ance s .  Furthermore#  if 
the  concept  of  "loss  of  attention"  is  to  be  appealed  to  as  an 
explanation  of  experimental  results#  one  has  to  define  what 
attention  is*  No  satisfactory  definition  has  oeen  offered* 

The  remainder  of  this  section  discusses  some  of  the 
conceptual  and  aethodoi oy I c al  problems  Involved  in  determining  a 
person's  ability  to  allocate  attention  to  information  processing 
tasks.  Although  some  experimental  results  will  be  cited#  the 
thrust  of  the  argument  is  theoretical*  The  major  purpose  of  tne 
section  Is  to  introduce  concepts  about  attention  that  wl I i  be 
important  when  we  deal  with  the  relation  between  aye  and  higher 
cognitive  functions  such  as  memory  and  problem  solving. 

THt  AfThNlIUNAi.  RESOURCE  MQCtL 


line  way  of  conceptualizing  attention  is  to  take  the  notion  of 
"payiny  attention"  quite  llteraiiy#  by  imagining  tnat  we  have  a 
finite  amount  of  attentional  resources.  An  attention  demanding 
task  Is  one  that  requires  the  expenditure  of  resources  from  tn  I  s 
supply*  Kahneman  has  presented  this  idea  in  some  detail* 

In  his  view#  any  mental  task  requires  the  activation  of  mental 
structures*  These  are  the  mechanisms  tnat  accompllsn  the 
functions  required  to  do  the  tasK#  such  as  discrimination  of 
Objects#  renearsal  of  Information  In  memory#  and  tne  manipulation 
uf  visual  Images*  Each  of  the  structures  draws  upon  tne  pool  of 
available  mental  resources*  Tne  pool  itself  is  termed  attentional 
capacity.  A  structure  will  Increase  its  demands  upon  attentional 
Capacity  if  tne  information  processing  load  on  the  structure  is 
Increased,  Similarly#  the  greater  the  amount  of  resources 
proviaea  lo  a  structure  when  uealing  with  a  fixed  Information 
processing  loau#  the  more  rapidly  ana  accurately  tne  structure 
will  ^^er  f  or  m  its  tasK.  Complex  tasks#  such  as  reading  a  novel  or 
driving  an  automobile#  require  the  coordinated  activation  of 
several  structures  and  an  appropriate  allocation  of  attentional 
resources  to  eacn  of  tnem. 

Consider  some  abstract  task  that  Invuives  one  or  more  mental 
structures.  The  function  relating  overt  performance  to  the  amount 
of  attentional  resources  allocated  to  tnose  structures  required  by 
the  tdSK  IS  called  tne  pe r f or  mane e- r esour ce  function.  The 
per  f  or  (i.ance-r  esource  function  Is  unobservable  In  principle# 
because  "dttentlonal  resources”  refers  to  an  aostract  concept 
ratrer  tnan  a  measurable  expenditure  of  energy.  In  spite  of  Its 
purely  conceptual  nature#  trie  performance-resource  function  may  be 
used  CO  classify  tasKS  by  tfeir  resource  oemands,  Norman  and 
Pobrow  llu?!?)  define  r  e  sour  ce- 1  I  m  1 1  eu  tasxs  as  tasxs  on  which  the 
performance  function  is  strictly  mono t on i c a i I y  Increasinq#  i.e. 
tasKS  on  wnich  performance  levels  Increase  with  an  increase  In  the 
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amount  of  resources  allocated  to  the  task*  Not  all  tasks  are 
resource  limited*  and  a  single  task  nay  be  resource  limited  under 
some  conditions  and  not  resource- 1  Imited  under  other  conditions* 
Take  the  case  of  a  person  listening  to  the  radio  unoer  poor 
reception  conditions*  Accuracy  of  reception  will  depend  partly 
upon  the  attentiveness  of  the  listener*  At  a  certain  point* 
though*  concentrating  harder  simply  mIM  not  further  improve 
reception*  Asymptotic  performance  will  depend  upon  the  physical 
nature  of  the  stimulus*  as  filtered  through  the  listener's 
auditory  apparatus*  Maximum  accuracy  may  be  reached  without  the 
listener  devoting  complete  attention  to  the  signal*  to  the 
exclusion  of  all  other  stimuli*  In  such  a  case  performance  is 
said  to  be  •'data- 1  I  mi  ted » "  The  term  Implies  that  performance  is 
limlced  by  characteristics  of  the  external  stimulus  but*  as  the 
example  shows*  a  data  limitation  may  also  be  imposed  by  the 
character  of  a  person's  sensory  or  mental  structures*  For 
instance*  in  consideration  of  the  data  reviewed  in  the  preceeding 
section*  presbyacusis  might  impose  a  data  limitation  on  the 
auditory  tasK  performance  of  older  adults*  even  tnou^h  younger 
adults  were  resource  limited  under  the  same  conditions* 

One  way  to  think  of  the  alleged  inattentiveness  of  older 
aaults  Is  to  assume  that  attantional  capacity  decreases  with  age* 
This  will  be  referred  to  as  the  "attentional  deficit  hypothes  I  s.  •• 
If  the  hypothesis  Is  true*  performance  should  decrease  with  age 
whenever  people  are  devoting  full  attention  to  a  resource  limited 
tasK.  While  this  inference  Is  conceptually  straightforward*  It  Is 
Qifricuit  to  construct  a  practical  test  of  It*  The  problem  Is 
that  one  cannot  be  sure  that  maximum  performance  ts  determined  by 
a  resource  limitation  rather  than  a  deta  limitation*  Consider* 
for  example*  the  study  of  tfe  speed  with  which  people  do  mental 
tasks*  varying  from  simple  choice  reaction  time  studies  to 
reasonably  complex  mental  arithmetic*  Almost  every  study  of  age 
effects  in  sucn  tasks  has  shown  a  decrease  In  speed  of  mental 
performance  with  advancingg  age*  The  decrease  is  evident  by  the 
thirties  anu  forties  (8lrren»  197A|  see  also  the  discussion  of 
specific  tasks  given  In  the  following  sections  of  this  report)* 
Furthermore*  tne  decrease  cannot  be  accounted  for  by  changes  in 
motor  Capability*  because  the  amount  of  age-related  slowing  Is 
related  to  tne  psychological  complexity  of  the  task  rather  than  to 
Its  motor  components  (Cerella*  »oon*  and  williams*  I9b0).  It  Is 
also  true  that  under  certain  circumstances  speed  of  mental 
performance  is  a  reasonable  Indicator  of  the  amount  of  attentional 
resources  allocated  to  a  task  (Kahneman*  1973)  ^osner*  1976)* 

Tnus*  although  one  Interpretation  of  tne  observed  slowing  Is  that 
attentionil  capacity  decreases  with  age*  this  conclusion  is  not 
Qictateo  by  tne  data*  Slowing  coulo  easily  be  due  to  structural 
changes  In  tne  centeral  nervous  system*  sucn  as  demy  1 1 nl zat I  on  of 
nerve  fibres  or  a  reduction  In  the  number  of  neurons  in  the  brain, 
(lore  generally*  the  fact  that  changes  In  the  speed  of  individual 
performance*  across  conditions  of  an  experiment  may  reflect 
changes  in  attention  allocation  does  not  mean  that  changes  In 
i nter- I nd I  V  I dua I  performance  In  the  same  experiment  are  due  to 
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i nter- i nd i ¥ i duo  I  oifferences  in  attentionai  capacity* 

An  alternative  way  of  evaluating  tne  attention  deficit 
hypothesis  Is  to  restrict  the  amount  of  attention  that  a  person 
can  allocate  to  a  task*  This  is  done  by  introducing  a  nen  task 
that  is  to  be  performed  on  a  high  priority  basis.  The  original 
task  tnen  must  be  done  Mith  a  person's  "spare  capacity”.  This  Is 
defined  as  the  attentional  resources  that  a  person  has  remaining 
after  allocating  enough  attention  to  reacn  a  satsifactory 
performance  level  on  the  primary  task.  The  technique  of 
evaluating  spare  capacity  by  considering  primary  and  secondary 
tasks  Is  called  the  "secondary  task  paradigm."  It  is  a  special 
case  of  a  "dual  task  situation"#  in  Hhich  people  are  asked  to 
perform  two  tasks  more  or  less  concurrently.  The  conceptual 
argument  for  the  secondary  task  paradigm  is  straightforward. 
Imagine  two  people#  A  and  B#  both  of  whom  nave  sufficient 
attentional  capacity  to  achieve  maximum  performance  on  either  of 
two  tasKS#  X  and  2#  when  done  alone*  If  tne  two  tasks  are  done 
together#  the  joint  demands  of  the  tasks  may  exceeu  the 
attentional  capacity  of  person  A  but  not  person  6#  making  it 
possible  to  discriminate  between  them*  It  the  attention  deficit 
hypothesis  is  true#  older  Individuals  snould  show  a  greater 
oecremeitt  in  performance  than  should  younger  people  when  moved 
from  a  single  to  a  dual  task  situation. 

While  the  observation  that  older  individuals  nave  trouble 
with  oual  task  situations  would  be  consistent  with  the  attention 
oeficit  nypothesis#  alternative  explanations  are  possible*  The 
seconcary  task  paradigm  was  originally  developeu  as  a  way  o' 
measuring  the  attention  demands  of  the  primary  task  (Kerr#  1973). 
The  reasoning  was  that  if  the  secondary  task  is  resource  limited# 
thfii  ti.e  attentional  demands  of  two  primary  tasks  can  be  compared 
by  ouserving  how  great  a  decrement  occurs  on  secondary  task 
performance.  This  argument  assumes  that  the  secondary  task  Is 
resource  limitea#  ana  that  the  primary  and  secondary  tasks  oo  not 
compete  for  mental  structures*  When  the  seconoary  task  paradigm 
is  used  to  study  individual  differences  In  attentional  capacity# 
some  more  complicated  restrictions  must  be  met.  Basically#  tnese 
nave  to  do  with  the  pattern  of  correlations  between  performance  on 
the  twc  taSKS#  botn  alone  and  in  combination.  It  is  also 
necessary  to  observe  primary  task  performance  at  two  levels  o' 
difficulty  (Hunt  and  Lansman#  I9ttl). 

Tr.ere  nave  been  several  reports  of  age  related  decrements  In 
performance  in  dual  task  situations#  including  a  few  studies  that 
have  used  tne  secondary  task  paradigm.  In  Interviews  with  experts 
in  gerontology  we  have  found  that  there  is  a  strongly  held  belief 
that  uual  tasks  become  exceptionally  difficult  as  one  grows  older. 
Data  from  studies  of  dfchotic  listening  are  cited  in  support  of 
the  thesis.  Tne  participant  in  a  dichotic  listening  task  hears 
two  messages#  presenteo  simultaneously#  one  to  each  ear.  After 
the  messages  are  completed  the  participant  Is  cued  to  report  the 
message  from  one  ear#  and  tren  the  message  from  the  other.  The 
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Figure  22a.  Reaction  time  to  probe  tone  alone  (simple  RT)  or  in 
the  presence  of  easy  or  hard  memory  tasks. 

Verbal  Memory  Task.  (From  Hunt  and  Lansman,  1981). 
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Figure  22b.  Reaction  time  to  probe  tone  alone  (simple  RT)  or  in 
the  presence  of  easy  or  hard  memory  tasks. 

Visual  Memory  Task.  (From  Hunt  and  Lansman,  1981). 
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paradigm  is  illustrated  schematically  In  Figure  20*  Note  that  the 
order  In  which  the  messages  are  to  be  reported  is  not  indicated 
until  after  the  messages  have  been  received.  The  conclusion  that 
is  typically  cited  is  that  there  is  an  age  related  decrement  In 
the  ability  to  recall  the  message  reported  seconds  out  not  in  the 
ability  to  recall  the  message  reported  first.  This  has  been 
explained  by  saying  that  older  individuals  are  unable  to  retain 
the  second  message  while  reporting  the  first.  Such  an  explanation 
is  consistent  with  the  attention  deficit  hypothesis^  as  it  is  well 
Known  that  shcrt  term  recall  depends  upon  the  attention  that  a 
person  devotes  to  retaining  information  in  worKing  memory. 

There  are  two  problems  with  this  conclusion.  One  is  that  the 
experiment  does  not  rule  out  the  possibility  of  structural 
interference.  If  articulatory  structures  are  required  for  the 
maincainence  of  verbal  information  In  short  term  memory^  one  would 
expect  first  message  recall  to  interfere  with  second  message 
recall  because  of  competition  for  a  structure  rather  than  because 
of  competition  for  a  generalized  attentional  resource.  This  is  a 
reasonable  hypothesis  because  there  are  data  suggesting  that 
subvucal  rehearsal  is  required  for  verbatim  recall  of  Inrormation 
held  in  snort  term  memory  (6addeley>  1976).  A  second  objection^ 
which  is  somewriat  stronger  because  it  does  not  depend  on  a 
theoretical  interpretat  ion«  is  that  the  data  are  simply  weaker 
tnan  the  statements  in  the  secondary  literature  would  lead  one  to 
believe.  Figure  2l»  adapted  from  Barr  (1980)#  shows  the  average 
number  of  digits  recalled  in  a  dichotic  listening  study#  as  a 
function  of  age  and  order  of  report.  While  tne  age  effect  Is 
larger  for  recall  or  the  message  reported  last#  the  discrepancy 
between  aue  effects  on  first  and  second  message  recall  Is  not 
s tr  iking. 


Hunt  and  Lansman  (1981)  conducted  a  series  of  experiments 
that  were  specifically  designed  to  evaluate  individual  olfferenes 
in  attentional  capacity  by  use  of  the  secondary  task  paradigm. 

Here  we  report  an  additional  analysis  of  their  data  (not  included 
in  tne  original  report)  because  it  ulrectly  addresses  the 
attention  deficit  hypothesis.  The  tasks  performed  by  Hunt  and 
Lansmaii's  subjects  were  (a)  a  memory  task  and  (b)  a  simple 
response  to  <#  probe  tone.  The  memory  task  involved  either  verbal 
recall  or  visual  recognition#  and  could  be  presented  in  either  an 
easy  or  a  haro  version.  As  the  memory  task  was  always  deslgnateo 
to  be  the  primary  task#  one  would  expect  the  response  to  the  probe 
tone  to  be  celayed  in  the  secondary  tasK  condition.  The  amount  of 
the  oelay  should  be  related  to  tne  difficulty  of  the  primary 
memory  tasK.  Now  consider  how  age  should  affect  the  picture. 
According  to  the  attentional  deficit  hypothesis#  older 
Individuals#  wltci  smaller  reserves  of  attentional  capacity#  should 
snow  a  greater  decrement  In  their  response  to  the  tone  as  the 
memory  tasK  becomes  harder.  Some  relevant  oata  are  shown  in 
Figure  l2.  Tne  expected  interaction  between  age#  response  to  the 
tune#  anu  singie  ano  dual  task  condition  does  occur.  The  results 
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are  in  accorci  with  the  attentional  deficit  hypothesis* 


AUTOHATtO  AND  CQnTKOLLEO  kESPUNOING 

It  has  been  claimed  that  anen  a  person  has  had  a  great  deal 
of  overlearning  on  a  task  it  becomes  "automatic's  and  no  longer 
demands  on  attention.  The  argument  has  been  made  most  strongly  by 
Schneider  and  Shiffrin  (19771*  who  designed  a  paradigm  for 
"developing  automatic ity"  In  a  visual  scanning  tasK.  Prom  the 
viewpoint  of  an  observer*  the  task  is  as  follows: 

(1)  A  target  set  of  letters  Is  exposed*  ror  example* 

X  A 

(^)  A  frame  is  exposed*  The  frame  consists  of  from  one  to 
four  letters*  as  in 

R  S 

0  A 


fhe  observer's  task  is  to  detetmine  whether  or  not  the  frame 
contains  any  member  of  the  target  set*  Thus  In  the  example  tne 
correct  response  Is  "Yes"  because  there  is  an  A  In  tne  frame.  The 
depenoent  variable  is  either  the  minimum  time  that  the  frame  can 
be  exposed  in  order  to  produce  reliable  identification  of  targets* 
or  tne  time  required  for  an  identification*  If  frame  exposure  time 
Is  unlimiteo*  cither  dependent  variable  can  oe  used  to  estimate 
the  time  required  to  scan  a  display*  as  a  function  of  the  number 
Of  Items  In  the  target  set  and  in  the  frame  are  varied.  Two 
training  procedures  are  used*  In  the  consistent  mapping  (CM) 
training  procedure  the  same  target  characters  are  used  on  all 
trials*  ano  a  character  tnat  is  a  target  on  one  trial  is  never 
used  as  a  distractor  on  another  trial.  After  literally  thousands 
of  training  trials*  performance  becomes  almost  indepenoent  of  both 
frame  sli:e  and  target  set  size.  Performance  Is  then  salo  to  ue 
automatic.  In  the  variea  mapping  (VM)  training  procedure  a 
character  may  be  a  target  on  one  trial  and  a  distractor  cn 
anotner.  A^ter  training  performance  stabilizes  reaction  time 
becomes  a  linear  function  of  the  number  of  items  in  the  frame  and 
target  set.  sugjcsting  tnat  the  observer  conducts  a  serial  scan 
matching  targets  against  frame  items.  Performance  is  said  to  Oe 
"controlled"*  and  to  oemand  attention. 

Note  that  automatic  processing  could  be  consioerea  to  he  a 
logically  degenerate  case  of  controlled  processing  in  which  the 
serial  search  is  cairied  out  at  infinite  speed*  producing  a  linear 
relation  between  performance  ana  tne  number  of  characters  in  the 
two  sets*  but  with  zero  slope.  In  practice  pure  automatic 
processing  is  not  ooserveo*  but  the  slope  of  the  linear  relation 
may  reOuce  to  as  little  as  10  milliseconds  per  character*  This 
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represents  a  ro<.ghiy  ten  to  one  reduction  in  slope  from  the 
oeginning  to  the  end  of  Cn  training* 

According  to  the  attention  deficit  hypotnesis*  age 
differences  in  visual  scanning  should  be  eliminated  by  Cf* 
training^  because  automatic  scanning  Mould  not  require  attentional 
resources.  In  the  pure  case  this  is  something  of  a  tautology* 
because  if  pure  automatic  responding  were  to  be  acnieved  by  all 
subjects  their  performances  Mould  ail  be  oescrlbed  by  functions 
Mith  a  zero  slope.  In  practice*  the  question  has  been 
reformulated.  Is  asymptotic  scanning  performance  related  to  age 
after  Cf*  training? 

T MO  experiments  indicate  that  it  is.  Madden  and  Mebes  (1980) 
gave  eight  daysof  CM  training  to  old  (beyond  60)  and  young 
subjects.  On  tne  ninth  day  the  slope  of  the  linear  function  was 
Zb  msecs  for  the  young  subjects  and  63  milliseconds  for  the  older 
ones.  Thus  tne  groups  were  different  in  terms  of  the  absolute 
value  of  the  critical  variable.  Neither  group  reached  true 
automatic  performance  (although  the  younger  group  reached  a  value 
Close  to  that  found  in  most  studies).  Both  groups  displayed  a 
rougnly  eight  to  one  reduction  in  slope  from  the  first  to  last  day 
of  CM  training.  In  an  experiment  In  our  own  laboratory*  we 
replicated  these  results*  using  an  auditory  scanning  task  that  had 
previously  been  shown  to  produce  automated  responding 
(Pol trocK*Lansman*  and  Hunt*  19el)*  We  also  used  subjects  in  tne 
<d0-60  age  range*  Thus  the  Madden  and  Nebes*  findings  concerning 
asymptotic  performance  appear  to  generalize  both  to  a  wider  age 
range  ana  to  auditory  as  well  as  visual  scanning*  At  face  value 
the  age  difference  in  asymptotic  "automated"  performance  Is  an 
argument  against  the  attention  deficit  hypothesis.  On  the  other 
hand*  one  could  argue  that  the  problem  is  not  with  automaticity 
per  se*  but  rather  with  the  development  of  automaticity.  It  might 
be  that  given  a  fixed  number  of  trials*  older  people  do  not  move 
as  far  toward  automatic  performance  as  do  younger  ones.  The 
essence  or  the  argument  revolves  around  one's  choice  of 
operational  definition  for  automaticity*  Neither  the  Madden  and 
Neoes  nor  our  own  experiment  met  this  criterion.  If  the 
definition  is  (approximately)  zero  slope*  then  equality  of 
performance  is  guaranteed*  if  all  groups  can  be  trained  to  reach 
this  criterion.  If  the  definition  of  automaticity  is  the 
reduction  of  attentional  demands  by  some  amount  defined  relative 
to  initial  performance*  or  if  automaticity  is  defined  solely  by 
reaction  to  a  fixed  amount  of  training*  then  it  does  appear  that 
age  differences  remain  after  CM  training.  Whether  this  is  due  to 
age-related  change  In  tne  asymptotic  form  of  tne 

performance-resource  function  or  oue  to  age-related  change  in  the 
acquistlon  of  automated  responding  ooes  not  seem  to  be  a 
resolvable  Issue. 

/  slightly  different  approach  to  the  question  of  ege  related 
differences  in  automated  performing  is  illustrated  by  the  work  of 
Hasher  and  her  colleagues  (Hasher  and  ZacKs*  1979;  Attig  and 
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Hasher*  I960)*  Qn  the  basis  of  other  evidenue*  Hasner  et  el* 
argue  that  certain  types  of  learning*  notably  .nemorization  of  the 
oraer  of  events  or  recall  of  lists  of  items*  require  controlled 
processing*  while  learning  either  tne  relative  frequency  of  two 
repetitively  experienced  events  (e*g.  tne  relative  number  of  times 
you  have  seen  two  TV  commercials)  or  recording  the  relative  age  of 
an  event  (continuing  the  example*  whicn  of  the  commercials  was 
seen  most  recently)  is  an  automated  event*  Using  an  experimental 
analog  of  this  example*  Hasher  and  Zacks  showed  that  tasks  that 
were  presumed  to  require  controlled  learning  did  indeed  show 
differences  in  performance  oetween  elderly  and  young  adults*  while 
tasks  requiring  automated  learning  did  not*  Hasher  et  al. 
interpret  their  results  as  support  for  the  attentional  deficit 
hypothesis*  While  the  results  are  certainly  consistent  with  the 
hypothesis*  they  require  a  specific  interpretation  of  frequency 
anc  relative  age  learning* 

The  activation  of  semantic  associates  another  automatic 
process*  For  example*  a  variety  of  experiments  have  shown  that 
requiring  a  person  to  name  or  identify  wcrds  sucn  as  CAT*  ftCG* 
etc,  will  increase  their  speed  In  Identifying  related  terms*  such 
as  WJLF  and  HORiF*  The  effect  Is  referred  to  a^  semantic 
activation*  ana  has  been  shown  to  be  an  Involuntary  process 
(Posner*  197o)*  Young  and  elderly  adults  both  snow  semantic 
activitatlon  effects*  as  reflected  by  priming  of  reaction  times  to 
words  preceded  by  an  associate  (Howard*  McAnorews*  and  Lasaga* 
1960).  There  is  therefore  no  reason  to  believe  that  tnis  type  of 
activation  changes  over  the  working  years* 


THb  CuMKJl  jF  ATTFNTION 


The  term  "attention”  Is  sometimes  used  to  refer  to  control  of 
attention*  as  In  selective  attention  to  one  source  of  signals 
instead  of  another*  This  Is  a  somewhat  dlfterant  concept  of 
attention  than  the  view  of  attention  as  a  pool  of  mental  energy* 
Two  types  ot  controlled  attention  can  be  conceptualized*  the 
ability  to  attend  to  one  source  of  signals  while  Ignoring  another 
source  (selective  attention)  or  the  ability  to  monitor  two  sources 
of  signals  at  tne  same  time  (divided  attention).  In  oroer  to 
aetermlne  whether  one  or  two  attention  allocation  abilities  should 
Le  assun.ed*  Poltrock*  Lansman*  and  Hunt  (Note  7)  nad  subjects 
perform  auditory  and  visual  tasks  In  which  siwnals  were  presented 
on  two  "cnannels"*  either  by  dichotlc  auditory  presentation  of 
words  or  oy  displaying  characters  at  two  different  locations  In 
the  visual  field.  In  control  conditions*  signals  were  presented 
on  only  one  channel.  A  factor  analysis  Indicated  that  different 
abilities  were  Involved  In  monitoring  auditory  or  visual  siqnals* 
but  tlat  tne  same  ability  underlay  performance  in  the  selective 
attention  and  monitoring  conditions*  Poltrock  et  al.’s  subjects 
ranged  In  age  from  tneir  ?0s  to  their  50s.  Age  was  negatively 
correlaleu  with  performance  in  both  the  auditory  and  visual 
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conoitions#  although  the  size  of  the  relation  was  nodest  (r  about 
•25)*  This  would  be  expected  simply  because  of  tne  well  Known 
deterioration  of  the  auditory  and  visual  systems  over  the  adult 
life  span.  The  magnitude  of  the  age-performance  correlations  were 
no  higher  in  tne  more  difficult  selective  attention  or  monitoring 
conoltions  than  they  were  in  the  control  conditions.  This  result 
is  not  consistent  with  the  attentional  deficit  hypothesis*  which 
woulo  predict  higher  correlations  with  age  In  situations  that 
tested  inuividual  attentional  cepacity  limits. 


summary 


The  attention  deficit  hypothesis  probably  is  a  good  heuristic 
for  predicting  the  performance  of  elderly  (over  60)  Individuals. 

It  seems  less  useful  as  a  scientific  model  for  the  analysis  of 
work  performance  of  adults  in  the  20-60  age  range.  In  spite  of 
claims  in  the  secondary  literature*  tne  magnitude  of  age  related 
"attentional  oefects"  appears  to  be  small  unless  one  wishes  to 
equate  speeo  of  performance  with  attentional  capacity.  This  is 
discussed  in  more  detail  in  the  following  chapter. 

More  seriously*  the  status  of  attention  as  a  scientific 
concept  is  unclear.  Kahneman's  (1973)  approach*  in  which 
attention  is  viewed  as  a  single  mental  resource*  fits  well  with 
the  attentional  deficit  hypothesis*  There  are  other  views.  One 
Is  tnat  there  are  multiple  pools  of  attentional  resources*  and 
that  different  tasks  draw  upon  different  pools  (Navon  and  Gopher* 
1979*  WicKens*  1979).  Another  view  is  that  any  performance 
decrement  that  occurs  during  dual  task  performance  is  due  to 
competition  for  structures*  Dual  tasks  that  are  not  highly 
overlearned  are  bound  to  compete*  because  both  require  extensive 
working  memory  space  so  that  the  performer  can  monitor  the 
external  world  as  the  imperfectly  learned  task  is  being  executed* 
If  a  tasK  is  sufficiently  practiced*  the  neeo  to  monitor 
task-relevant  stimuli  is  reduceo*  ana  performance  is  "automated" 
because  structural  conflict  for  space  in  working  memory  no  longer 
occurs  (Allport*  1980). 

Given  tne  conflicting  theoretical  analyses  and  the  absence  of 
definitive  data*  what  can  be  saia?  It  seems  most  appropriate  to 
take  a  pragmatic  position.  Different  occupations  place  different 
demands  on  attentional  capacity*  intuitively  defined.  Airplane 
pilots  are  usually  pointed  to  as  examples  of  people  who  monitor 
many  signals  in  high  demand  situations*  college  professors  are 
Said  to  be  single-minded.  There  will  be  specific  situations  in 
which  an  analysis  of  attentional  demands  may  help  in  understanding 
the  interaction  between  age  and  performance.  Such  analyses  will 
require  tnat  techniques  be  ueveloped  for  measuring  attentional 
demands  in  the  situation  of  interest*  It  would  be  naive  to  expect 
that  one  could  develop  a  single  measurement  procedure  to  serve  as 
an  "attention  meter"  universally  applicable  to  all  tasxs  and 
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Inditfiouals.  Indeeoj  if  there  are  &everai  different  types  of 
attentlonal  resources*  or  if  attentional  resource  conflict 
ultimately  reduces  to  competition  for  specific  mental  structures* 
tne  goal  of  developing  an  attention  meter  is  itself  unreasonable* 


6.  RESPONSE  SELECTION 

This  section  discusses  the  relation  between  age  and 
performance  In  a  class  of  tasks  that  will  be  referred  to  as 
"response  selection"  situations*  As  any  performance  involves  some 
response  selection*  further  explanation  is  required*  The  tasks 
under  consideration  ail  require  that  a  fairly  simple  motor 
movement  be  made  in  response  to  a  clearly  perceptible  signal*  A 
prototypical  response  selection  task  is  shown  In  Figure  ?3*  Tw|s 
figure  sr.ows  an  observer  sitting  in  front  of  a  panel  that  contains 
four  lights  and  four  buttons*  Whenever  one  ot  the  lights  comes 
on*  the  ouserver  is  to  depress  the  button  Immediately  below  tne 
light*  On  a  given  trial*  the  following  sequence  of  events  might 
take  placet 

il)  The  observer  depresses  a  home  button  (button  A  In  the 
figure)*  to  indicate  tnat  he/she  is  reaoy  for  the  trial  to  begin* 

(2)  The  light  above  button  A  comes  ori*  Inofcating  that  a 
stimulus  is  about  to  be  presented* 

IJ)  One  of  the  lights  above  buttons  1  through  A  comes  on* 

lA)  The  observer  moves  his/her  finger  from  button  A  toward 
the  button  under  the  light  that  was  turned  on  at  step  (3)*  Call 
this  the  "target  button"* 

1 1- 1  Tne  target  button  is  depressed* 

This  Sequence  can  ue  modified*  If  the  ooserver  controls  the 
beginning  of  the  trial  (step  (1)1  the  experinient  is  referred  to  as 
oeing  "self  paced"*  since  tt^e  observer  controls  tne  intertrial 
interval*  In  some  studies  step  (1)  is  omitted*  so  that  the 
experimenter  controls  the  intertrlal  Interval*  In  this  case  the 
experiment  is  said  to  be  "experimenter  paced"»anO  tne  speed  of 
pacing  may  be  varied*  In  a  few  cases  step  (?)  is  omitteo*  and  the 
trial  is  initlateu  immediately  after  the  observer  Inolcates  that 
ne/sne  Is  orepareo*  Tne  Interval  between  step  12)»  the  warning 
signal*  ana  step  i3)*  presentation  of  the  test  signal*  Is  referred 
to  as  the  warning  Interval*  The  time  oetwetn  step  (3)  and  step 
(Al*  tiife  DBgInnIng  of  movement  of  the  finger  or  hand*  is  referred 
to  as  initiation  time.  The  Interval  between  step  (A)  and  step  (5) 
IS  called  movement  reaction  time  (HkTI*  Initiation  time  is 
sometimes  referred  to  as  simple  reaction  time  (bRT)  |f  there  is 
only  one  oossible  test  signal  (e.g**  only  one  lignt  in  the 
schematic  of  FIjure  23)  and  as  choice  reaction  time  (C®!)  If  tnere 
are  two  or  more  possible  signals*  In  many  experiments  step  (A)  is 
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Figure  23.  Choice  reaction  task.  The  observer  moves  his/her  finger 
from  button  A  to  the  button  under  the  lighted  lamp. 
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not  recorded#  so  that  the  dependent  variable  oecomes  tne  reaction 
time  between  events  (3)  and  (5)#  ice.  tne  sum  of  Initiation  and 
movement  time*  In  this  case  the  dependent  variable  is  called  SRT 
or  CRT#  depending  upon  the  number  of  different  signals  that  might 
nave  occurred* 

The  display  panel  used  is  often  slightly  different  than  that 
shown  in  Figure  23*  Instead  of  having  k  locations  for  a  signal 
there  may  be  only  one  location#  often  a  cathode  ray  cube  or 
picture  screen*  The  subject  is  told  in  advance  which  stimuli  might 
appear#  and  instructed  to  make  an  identifying  response  to  each  of 
them*  For  example#  an  observer  might  be  told  to  throw  a  Joystick 
to  the  left  If  the  figure  ••<-•«  was  displayed#  and  to  the  right 
if  the  figure  ••->«  Mas  displayed*  Tn|s  would  be  called  a  cnolce 
reaction  time  (CRT)  study  with  compatible  stimulus-response 
matching#  since  tne  response  required  coincides  with  a  usual 
interpretation  the  meaning  of  these  figures*  If  the 
stimulus-response  mapping  were  to  oe  reversed#  so  tnat  the 
juystiCK  was  to  be  moved  left  in  response  to  a  rignt  pointing 
arrow#  tne  experiment  would  be  said  to  have  an  incompatible 
stimulus-response  mapping* 

The  logic  or  the  CRT  paradigm  can  easily  oe  extenueo  to  apply 
to  auditory#  tactile#  or  olfactory  cues* 

LiDviously  the  CRT  paraoigm  could  be  amplified  to  become  a 
test  of  either  perceptual  or  complex  cognitive  capacities.  For 
instance#  two  lines  might  be  displayed  in  a  panel#  with  the 
subject  being  instructed  to  press  a  button  on  the  sloe  of  tne 
longest  tine.  If  the  lines  differed  onl>  slightly  in  length#  this 
would  be  a  test  of  speed  of  perception*  Alternatively#  an  integer 
might  be  Jispiayeu#  with  the  subject  being  instructeo  to  move  a 
joystick  to  the  rignt  if  the  integer  was  a  prime  number#  and  to 
the  left  otherwise.  In  this  case  reaction  time  would  become  a 
measure  of  speed  or  rather  sophisticated  mental  arithmetic*  All 
the  reaction  time  studies  to  oe  described  In  this  section  Involve 
situations  in  which  the  stimulus  is  Immediately  perceptible#  its 
interpretation  is  trivial#  and  tne  major  task  is  response 
selection*  Situations  involving  an  evaluation  of  the  stimulus 
prior  to  tne  response  will  he  considered  In  the  next  section* 

ytiy  study  response  selection?  Response  selection  is  a 
face-y«lio  analog  of  a  number  of  situations  Involving  machinery 
operation  and/or  the  monitoring  of  display  panels.  ^or  ti^is 
reason#  response  selection  paradigms  are  sometimes  included  in 
test  batteries  for  selecting  equipment  operators#  Includino 
aviators.  Response  selection  has  been  held  to  be  of  theoretical 
Interest  uecaose  it  epitomises  choice  oehavior#  anich  some  think 
to  be  a  basic  step  that  underlies  complex  reasoning.  The 
theoretical  argument  is  valid  if  tne  mental  processes  underlying 
response  choices  are  indeed  analagous  to  those  choice  processes 
Involved  in  reasoning  me  problem  solving*  Une  could  argue  either 
way#  as  the  oata  does  not  conclusively  confirm  or  oeny  the 
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hypothesis*  Jensen  (19b0)  has  reported  several  experiments 
Indicating  that  groups  ot  people  Mho  obtain  nigh  intelligence  test 
scores  maKe  choice  reaction  responses  more  rapidly  than  do  samples 
from  low  scoring  populations.  Movement  reaction  time*  on  the 
other  hano/  does  not  appear  to  differentiate  nigh  and  low  scoring 
groups*  Work  In  our  own  laboratory  has  produced  mixed  results* 

In  some  studies  CRT  has  been  found  to  be  correlated  with  scores  on 
both  verbal  and  non-verbal  intelligence  tests  (r  of  approximately 
-*3>  high  scores  being  associated  with  fast  responding)*  Other 
experiments  have  failed  to  locate  a  reliable  association  between 
CRT  and  intelligence  test  scores  (Hunt»  1976;  Lunneborg*  1977; 
falmerp  MacLeod/  Hunt/  and  Davidson/  Note  6)*  While  we  stop  short 
of  enoorsing  some  of  the  more  extreme  claims  tnat  have  been  made 
concerning  CRT  paradigms  as  basic  techniques  for  revealing  mental 
processes/  it  is  clear  chat  these  simple  tasks  nave  a  substantive 
cognitive  component* 

There  Is  an  extensive  literature  on  the  relation  between  age/ 
MkT/  SRT/  ana  CRT/  and  several  reviews  nave  been  written  (BIrren 
and  welford/  i.965;  Welford/  1958/  1977)*  The  most  recent  review 
by  Welfurd  (i977)  is  particularly  relevant/  and  many  o^  our 
comments  are  based  upon  his  analyses* 

It  IS  clear  that  response  selection  slows  with  age/  ana  that 
the  slowing  is  due  to  the  central  processes  Involved  In  initiation 
time  (SkT  and  CRT)  rather  than  tne  motor  responses  involved  In 
MRT*  (Salthouse  (1976)  has  observeo  that  fine  motor  movements 
exhioit  only  a  small  amount  of  slowing  over  the  working  years* 
targe  motor  movements  and  movements  that  depend  upon 
c ar d  i  0- vascu i ar  functioning/  such  as  running/  are  more  affected*) 
Welford  (19r7)  offers  a  particularly  cogent  argument  for  this 
conclusion*  Consider  a  task  In  which  the  person  simply  taps  on  a 
target.  Such  a  task  consists  solely  of  MRT/  as  there  is  no 
signalling  stimulus.  Provioed  that  tne  individual  is  reasonaly 
neatthy/  there  is  little  increase  In  tapping  rate  from  age  20  to 
60*  Quite  oifferent  results  are  oDtsIned  using  tne  simple 
reaction  time  (dPT)  paradigm/  In  which  tne  hand  is  moved  from  the 
nome  position  to  a  fixed  target/  on  demand*  Reaction  time  (RT) 
increases  by  about  50t  from  the  ?0s  to  the  50s.  Furthermore/  the 
increase  is  almost  entirely  due  to  an  increase  in  SRT  rather  than 
MRT.  This  clearly  indicates  that  central  rather  than  peripheral 
factors  produce  the  aging  effect. 

Age  effects  are  also  pronounced  In  CRT  studies/  where  the 
subject  must  select  tne  appropriate  response*  Furthermore, 
perfor-nance  on  CRT  tasks  is  related  to  performance  in  oti.er 
psycnomotor  tasks.  Tnis  was  shown  in  a  study  by  Rotier  tson-Tchabo 
and  Artnoerq  (197o).  Healtr.y  adults  ranging  from  th»lr  20s  to 
their  60s  were  tested  using  a  variety  of  simple  motor*  attention 
demanoing/  and  perceptual  tasks*  The  battery  included  tasks 
similar  to  the  prototypical  CRT  task  described  above*  When 
results  were  factor  analyzed/  the  first  factor  was  a  "choice 
reaction  time”  factor*  ioentified  by  the  CRT  tasx.  The  relation 
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batMeen  an  Individual's  age  and  the  score  on  this  factor  Is  shown 
In  Figure  24*  Speed  of  response  selection  clearly  declined  with 
age»  a  result  founa  in  numerous  other  studies.  Individual 
differences  were  pronounced.  Quick  60  year  olds  in 
Robertson-Tchabo  and  Arenoerg's  study  perforned  as  well  as  aost  of 
the  20  year  olds.  Conversely#  there  were  slow  younger  persons 
whose  performance  approached  the  average  performance  of  much  older 
individuals.  Note  especially  the  increase  in  Individual 
differences  with  age. 

The  data  from  choice  reaction  tine  studies  are  often 
summarized  by  tne  equation 


U)  CRT  «  A  4  B  ( I  og  Ni# 

2 

Where  A  and  B  are  positive  constants#  and  N  is  the  number  of 
possiule  responses.  Equation  (4)  expresses  tne  fact  that  log2  N 
is  the  average  number  of  decisions  that  would  be  made#  across 
trials#  by  a  responder  who  was  following  a  perfect  decision 
strategy  In  selecting  a  response  (Garner  1962).  Thus  an 
Interpretation  of  Equation  (4)  Is  that  B  represents  the 
auditional  time  required  for  eacn  adoed  decision#  while  A 
represents  the  effect  of  all  mental  and  motor  responses  that  do 
not  depend  upon  the  number  of  alternative  responses  available. 
Under  this  Interpretation  6  reflects  purely  central#  decision 
making  processes#  while  the  value  of  A  reflects  both  peripheral 
and  central  processes.  If  one  of  the  effects  of  aging  is  to  slow 
central  decision  making  processes#  one  would  expect  to  find  age 
effects  in  the  (entirely  central)  B  parameter  as  well  as  on  the 
value  of  A. 

The  empirical  results  are  not  this  precise.  Experiments  on 
CRT  almost  always  show  aye  effects  on  A#  ana  only  sometimes  on  B 
(Welford#  1977).  However#  BIrren  (1965)  cites  several  studies  of 
reaction  time  wriich  he  Interprets  as  ruling  out  age  changes  in 
peripheral  movement  time  as  the  primary  source  of  age  changes  In 
choice  KT.  Most  other  commentators  agree  with  his  conclusion. 
There  is  no  cont r aa  i  c 1 1  on#  because  the  A  and  S  parameters 
might  respond  to  different  central  processes.  Just  what  these 
mlgfit  be  is  not  clear  at  present.  BIrren  has  speculate'*  ^at 
chanjes  m  tne  R  parameter  are  due  to  minor  cardlo-va,  .ar 
problems#  resulting  in  a  decreased  supply  of  blood  ti  'rain 
(BIrren#  Woods#  and  Williams#  1980#  see  also  Szafr..  1968..  If 
correct#  tnis  speculation  would  be  of  Interest  both  for 
theoretical  reasons  --  why  should  c ar d i ovascu I ar  deficiencies 
prouoce  a  selective  effect  on  one  aspect  of  decision  making  and 
not  another?  —  and  for  practical  reasons#  because  CRT  might  be 
used  as  a  behavioral  index  of  minor  brain  damage.  At  the  present 
time  there  is  insufficient  data  to  support  or  confirm  the 
riypotnes  i  s. 
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Self  pacea  CRT  experiaents  allow  the  subject  to  aetermine  the 
rate  at  which  respohses  must  occur.  It  is  widely  neld  that  If 
people  are  forceo  to  make  rapid  responses  age  effects  will  oe 
increased  (Welford*  1977).  The  evidence  for  tnis  assertion  is 
rather  weaK>  especially  for  subjects  under  age  60.  Figure 
shows  performance  on  a  paceo  and  unpaced  tracking  task.  Although 
this  data  has  been  cited  as  evidence  indicating  that  paced 
responding  is  oifficult  with  advancing  age>  the  situation  appears 
more  complex.  Performance  Increases  with  age  in  seif  paced 
responding*  up  through  the  AOs.  It  remains  constant  over  the  same 
period  If  the  responses  are  experimenter  paced.  Beyond  the 
working  years  there  Is  a  decline  in  responding*  but  the  decline 
due  to  age  is  additive  to  the  decline  aue  to  pacing  Itself.  These 
findings  hardly  support  the  fairly  widely  held  oelief  that  workers 
in  their  forties  or  fifties  should  not  oe  given  rapidly  paced 
tasks.  On  the  otner  hand*  industrial  surveys  do  indicate  that 
when  given  free  choice*  older  worKtrs  avoid  paced  casks. 
(Interestingly*  they  do  not  avoid  situations  involving  heavy 
pnysical  labor).  Since  the  question  of  responding  to  situational 
pacing  is  important  in  soma  industrial  applications*  the  topic 
snoulo  oe  given  further  study. 

Introducing  st  imui  us*-response  Incompatab  i  I  1 1 1  es  will  Increase 
age  effects.  Figure  26  shows  the  Increased  age  effect  obtained  by 
Stern*  Qster*  and  Newport  (1980)  when  tney  changed  a  task  from 
being  either  a  simple  response  to  a  compatible  binary  choice  task* 
ana  then  to  an  incompatible  binary  choice  task.  Figure  27  shows  a 
similar  result  obtained  by  Kay  (i93A)  using  a  complicated  twelve 
choice  reaction  time  task.  Tn  each  case  the  more  complicated 
response  calculation  produced  a  much  greater  age  effect.  why  this 
woulu  be  so  is  not  clear.  Presumably  the  I nco np at ab  I  I i t y 
complicates  the  mantat  computations  involved  in  the  response 
selection  process.  While  this  is  of  interest  theoretically*  the 
practical  importance  of  the  phenomenon  Is  probably  slight*  as  good 
human  engineering  practice  olctates  the  use  of  compatible 
stimulus-response  mappings. 

When  does  the  age-related  slowing  in  response  selection  oegin 
to  appear?  Some  reviews  incicate  that  the  effect  only  begins  to 
appear  In  tne  60s  end  beyond.  This  statement  is  apparently  based 
upon  tne  fact  tnat  statistically  reliable  changes  In  performance 
with  age  often  do  not  appear  until  until  late  middle  age.  Cn  the 
other  hand*  it  is  generally  the  case  that  people  of  age  30  are 
sligntly  slower  than  those  of  age  20*  people  in  their  AOs  are 
slightly  slower  tnan  those  in  their  30s*  and  so  forth.  This 
pattern  suggests  tnat  the  deta  mignt  more  accurately  be  oescrlbed 
by  assuming  tnat  tfiere  was  a  continuous  slowing  of  response 
selection  witn  age.  To  answer  this  question*  we  nave  calculated 
the  fit  of  tne  linear  regression  equation 


16)  Reaction  time  ■  A  ♦  R  x  (age) 


AGE  RANGE 


Figure  25.  Number  of  cycles  completed  in  a  tapping  task  under 
paced  and  unpaced  conditions.  (Welford,  1977). 
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Figure  26.  Change  in  reaction  time  as  a  function  of  age  and  type  of 
task  -  simple  reaction  time  (SRT),  'two  handed  task' 
reaction  time  (BRT),  choice  reaction  time  (CRT)  and 
choice  reaction  time  with  incompatible  stimulus- 
response  pairing  (RCRT).  After  Stern  et.  al.,  1980). 
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Table  2 


TASK 


A 


B 


Speed  of  Writing  (Birren  and 
Botwinick,  1951)  -  Minutes 


1,36 


.02  .94 


Two  Choice  Reaction 
(Goldfarb,  1941) 


Time. 

-  Milliseconds 


347 


4.20  .78 


Fit  of  Equation  RT  =  A  +  B  (Age) 

For  two  simple  tasks 


A  -  intercept 
B  -  slope 


Abbreviations: 
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to  tMO  widely  cited  data  sets*  To  avoid  spurious  fits  due  to 
extreme  deterioration  of  functioning  in  old  age*  we  considered 
only  the  age  range  20>6d.  Tne  results  of  our  caicultions  are 
Shown  In  Table  2*  The  analysis  strongly  supports  the  contention 
that  a  slowing  of  response  selection  oegins  by  age  30*  and 
continues  gradually  throughout  adult  life* 


7*  SPfcfcO  OF  CQGNITiVfc  PROCESSES 


This  section  discusses  choice  reaction  time  (CRT)  paradigms 
in  which  reaction  time  Is  determined  by  cognitive  "computations" 
rather  than  by  response  selection*  To  understand  what  is  meant  by 
thisf  consiaer  a  skeleton  schedule  of  events  for  a  CRT  experlmentt 

(1)  A  warning  signal  is  presented* 

(2)  Stimulus  Information  is  presented 

(u)  Based  upon  an  evaluation  of  the  information*  the  subject 
selects  and  makes  a  response* 

In  tne  CRT  experiments  discussed  In  the  preceding  section*  the 
evaluation  component  was  minimized*  because  identification  of  the 
stimulus  was  equivalent  to  response  selection*  Tne  studies 
descrioed  were  rather  like  studying  the  time  required  to  decide  to 
brake  upon  seeing  a  red  light*  It  is  easy  to  arrange  an 
experiment  in  which  the  evaluation  phase  is  far  from  trivial*  To 
repeat  an  example  given  earlier*  one  could  Instruct  a  subject  to 
throw  a  switch  to  the  right  at  step  13)  if  a  prime  number  was 
displayed  in  step  (?)*  Following  the  lead  of  a  numoer  of 
tneorists  (e.g**  Baddeley*  1976)*  we  shall  descrioe  the  evaluation 
phase  as  requiring  cognitive  computations  upon  an  internal 
representation  of  tne  external  world*  Host  of  these  computat  I  Ions 
are  assumed  to  take  place  in  "working  memory"*  which  is  thought  of 
as  a  sort  of  worKbench  that  holds  information  about  the  current 
state  of  external  affairs.  Working  memory*  however*  appears  to  be 
limited  in  size*  so  that  information  must  be  continuously  passed 
over  from  working  memory  into  secondary  memory  for  more  permanent 
storage*  Colloquially*  one  can  grasp  this  distinction  by 
imagining  that  you  are  listening  to  a  speech*  Working  memory 
wouio  contain  a  close  to  verbatim  record  of  the  exact  words  the 
speaker  just  uttered*  while  secondary  memory  would  contain  a 
representation  of  tne  Ideas  the  speaker  was  trying  to  develop*  It 
is  assumed  tnat  curing  comprehension  ail  computations  take  place 
in  working  memory*  but  that  from  time  to  time  It  is  necessary  to 
fetch  information  from  secondary  to  working  memory*  Haintainence 
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of  information  in  working  memory  Is  helo  to  be  an  active  process* 
requiring  attentionai  resources*  while  maintainence  (but  not  the 
fetching)  of  information  in  seconoary  memory  Is  thought  of  as  a 
passive  process.  There  Is  evidence  that  working  memory  and 
secondary  memory  depend  on  oifferent  physical  processes. 

Discussing  the  evidence  would  carry  us  beyond  the  scope  of  this 
report. 

One  cannot  speak  of  the  effeciency  of  working  memory 
computations*  in  general*  because  there  are  probably  several 
different  types  of  computations*  each  of  which  may  respond  to 
different  variables.  We  shall  review  evidence  concerning  the 
interaction  of  age  with  four  d I f f erent ' types  of  memory 
computations;  locating  a  verbal  item  in  memory*  comprehending  and 
reacting  to  simple  sentences*  fetching  semantic  information  into 
working  memory*  and  the  manipulation  of  visual-spatial  Images 
"inside  the  head."  The  first  three  computations  are  considered 
elementary  steps  in  verbal  thinking*  while  the  fourth  represents  a 
non-verbal  computation. 


McMuRY  SCANNING 


It  is  generally  agreed  that  one  of  the  things  that  working 
memory  does  is  to  hold  an  (auditory?)  representation  of  linguistic 
terms.  Consider  the  example  of  listening  to  a  speech*  as 
described  above.  An  extremely  simple  "verbal"  task  is  to  scan 
memory  to  determine  wnether  or  not  a  particular  item  Is  In  the 
set.  The  speed  of  scanning  working  memory  is  usually  tested  by 
using  a  ".uemory  scanning"  paradigm  originally  developed  by 
Sternberg  11*566).  Sternoerg's  procedure  is  shown  In  Figure  2B. 

The  subject  Is  first  shown  a  number  (N )  of  familiar  stimuli* 
called  the  "memory  set".  N  is  chosen  to  be  saail  enough  (usually 
6  or  less)  so  that  the  labels  can  be  held  in  working  meinory.  Hnce 
the  memo! y  set  nas  been  shown*  a  probe  stimulus  is  displayed.  The 
observer's  task  Is  to  indicate  whether  the  probe  item  was  a  member 
of  tne  menory  set.  This  can  only  be  done  by  comparing  the 
stimulus  characteristics  of  the  probe  item  to  those  in  the  memory 
set.  Reaction  time  (^T)  is  typically  found  to  be  a  linear 
function  of  the  size  of  the  memory  set.  Tne  slope  of  this 
function  can  be  regarded  as  an  indication  of  tne  efficiency  of  the 
memory  scanning. 

A  memory  scanning  experiment  by  Anaers*  Fozard*  and 
Lillyquist  (1*?72)  Is  frequently  cited  as  evioence  that  working 
memory  is  scanned  more  slowly  witn  advancing  age.  Three  groups  of 
subjects  were  studiec*  with  mean  ages  of  20*  jd*  and  6d.  The 
slope  of  tne  RT-meirory  set  function  was  39  msec/iteir.  In  tne 
youngest  group*  63  in  the  midole  aged  group*  and  71  in  the  oldest 
group*  There  was  no  difference  In  intercepts  between  tne  20  and 
3o  year  old  groups.  The  Intercept  of  the  oldest  group  was 
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Figure  28.  A  sequence  of  events  in  memory  scanning. task .  The  slope 
is  a  measure  of  speed  of  access  to  information  in  working 
memory. 
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Figure  29.  Time  required  to  identify  a  character  as  a  member  of  a 

designated  set  of  "positive"  items.  Lower  curves  -  items 
from  front  of  alphabet.  Upper  curves  -  items  from  center 
of  alphabet.  After  Thomas,  et.  al.,  1977. 
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fflarkeoly  higher  than  that  of  the  two  younger  ones*  A  subsequent 
study  by  Anders  and  Fozard  (1973)  replicated  this  result  for  the 
young  and  old  groups  only* 

Because  this  experiment  is  widely  cited  (e.g.  Craik»  1977; 
Sternberg#  197^)  critical  examinations  of  both  tne  data  and  the 
design  are  in  order*  A  surprising  finding  was  that  the  middle 
group#  36  year  olds#  performed  more  like  tne  older  than  the 
younger  group#  even  though  the  chronological  age  of  the  middle 
group  was  closer  to  the  younger*  Taken  at  its  face  value#  this 
suggests  toat  the  speed  of  scanning  Morxlng  memory  is  an  unusually 
age-sensitive  function*  However  there  may  have  been  population 
differences  other  than  age*  The  younger  group  was  recruited  from 
Hospital  staff  members#  while  tne  two  older  groups  were  recruited 
from  a  panel  of  volunteers  participating  in  a  Veteran's 
Adiii  I  n  I  St  r  at  i  on  study  of  aging*  It  would  be  advisable  to  replicate 
this  study#  using  either  a  longitudinal  study  or  a  cross-sectional 
study  in  which  all  subjects  were  recruited  from  comparable 
sources*  It  shoulo  be  noted#  tnough#  that  the  old  vs*  young 
contrast  is  not  in  question#  as  the  finding  that  the  elderly  have 
slow  memory  scanning  rates  las  oeen  replicated*  The  form  of  the 
age-performance  function  is  still  unclear* 

A  stuoy  by  Thomas#  Waugh#  and  Fozard  (1976)#  using  a  related 
paradigm#  suggests  that  the  speed  of  memory  scanning  does  decrease 
with  age#  but  not  as  rapidly  as  the  Anders  et  al*  results  would 
indicate.  In  tne  Thomas  et  al*  study  memory  set  size  was  held 
constant#  by  always  using  either  six  letters  drawn  from  the  front 
of  fhe  alphabet  ( a# u» c# o# e# f )  or  six  letters  from  later  in  the 
alphabet#  ( p# g# k# t# r #  i  ) .  A  sihgle  letter  was  displayed  cn  each 
trial.  Tne  tasK  was  to  indicate  wnether  or  not  tne  letter  was  a 
member  of  the  memory  set*  Thomas  et  al*  observed  tnat#  tor  so'«e 
unknown  reason#  people  are  faster  in  responoing  If  the  memory  set 
is  drawn  rrom  the  first  p<irt  of  the  alphabet  than  from  latter 
Part*  Regardless  of  wny  this  is  so#  Thomas  et  al*  argueo  tnat  the 
fact  Itself  indicates  that  more  processing  Is  required  to  match 
tne  letters  in  the  second  set.  If  computations  in  worKing  memory 
generally  slow  with  age#  then  age  effects  should  be  magnified 
when  the  "slow"  set  of  letters  is  useo*  Some  relevant  portions 
their  data  are  disflayed  In  Figure  29*  The  hypotnesis  was  clearly 
;.urportfccj,  F  u  r  t  nt  r  mo  r  e#  the  relation  between  reaction  time  and 
djc  was  eitrer  linear  or  positively  accelerated.  This  contrasts 
with  th*.  negatively  accelerated  function  obtaineo  by  Anders  et  al. 

Tne  lojic  of  (i.emory  scanning  experiments  can  be  extended  to 
stucles  of  retrieval  of  information  from  secondary  memory.  The 
most  straigicforwaru  way  to  do  this  Is  to  extend  tne  size  of  the 
memory  set.  A  jreat  deal  of  research  (conducted  outside  of  tne 
study  of  aging)  nas  shown  that  worising  memory  contains  at  most 
about  nine  Items.  In  order  to  test  secondary  memory#  one  simply 
uses  a  memory  set  containing  more  than  ten  items#  tnus  ensuring 
that  at  least  some  of  the  list  Is  retrieved  frjm  secondary  memory. 
Anders  ano  Fozard  (i97j)  aid  tnis#  and  found  even  stronger  age 
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effects  on  scanning  infcraatlon  In  secondary  tnan  In  primary 
memory.  Unfortunately  for  our  purposes#  Anaers  and  Fozard  only 
testeo  young  (20s)  and  olo  (o^>)  subjects. 

Sternberg's  memory  scanning  paradigm  is  questionable  as  a  way 
of  testing  the  scanning  of  seconaary  memory*  because  of  the 
difficulty  of  ensuring  that  a  particular  item  is  retrieved  from 
secondary  memory*  and  because  there  is  considerable  doubt  as  to 
whether  tne  linear  relation  between  RT  and  list  size  holds  for 
lists  too  long  to  be  held  In  working  memory.  Since  the  question 
of  age  effects  on  speed  of  access  to  information  in  secondary 
memory  remains  a  sensiole  one*  somewhat  different  paradigms  have 
been  developea  to  address  It.  Pozard  and  Poon  (l'^78)  had  peoole 
learn  twelve  pairs  of  arbitrary  wora-word  associates. 

Hypotriet  I  ca  I  example  of  the  items  used  arei 


dollar  —  Igloo 
p  age  —  table 

foot  —  mouse  . 


Each  item  was  presented  twice  In  a  block  of  twenty  four  trials* 
and  blocks  were  repeated  until  learning  was  complete.  After  tne 
first  block  learning  was  by  the  anticipation  method*  A  stimulus 
item  would  be  presented  (e.g*  dollar..?  )*  a  response  recoroed* 
and*  if  necessary*  corrected.  Using  tnis  design*  one  can  examine 
the  time  required  to  make  a  response  on  the  secono  presentation  in 
each  block  as  a  function  of  the  interval  between  the  first  and 
second  presentation*  The  argument  for  doing  so  is  that  If  two 
trials  using  the  same  item  follow  each  other  immediately*  the 
answer  will  be  fetched  from  primary  memory*  whereas  If  several 
other  trials  Intervene  the  response  must  be  fetched  from  secondary 
memory  (Atkinson  and  ^hlffrln*  196d).  At  short  Intervals  there 
was  only  a  slight  difference  in  reaction  times  between  three  age 
groups  (mean  ages  20*  ^3*  63)*  while  at  longer  Inter-trial 
intervals  the  two  older  groups  were  markeuly  slower. 


The  primary-secondary  memory  distinction  was  expanded  upon  In 
an  expcrliiient  by  Waugn*  Thomas*  and  Pozard  (IdTh)  which  perwltted 
a  direct  comparison  of  retrieval  times  from  each  type  of  memory. 

In  tne  first  part  of  this  experiment*  subjects  simply  read  printed 
words.  There  was  virtually  no  difference  In  naming  time  across  a 
wioe  age  range.  In  the  second  part  of  trie  experiment*  12  Item 
paired-associate  lists  ^ere  presented  with  a  procedure  similar  to 
that  of  the  ^ozard  and  Poon  study.  Polluwing  tne  presentation  of 
set  of  pairs*  tne  cue  term  tor  the  last  pair  would  be  presented. 

An  abbreviation  of  tne  sequence  wouio  bei 

yam  -  zoo 
vat  -  wig 
Ink  -  jam 
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Table  3 


Task 

Age 

37 

50 

Word  Naming 

584 

583 

589 

Paired  Associates, 

Working  Memory 

721 

741 

795 

Paired  Associates, 


•  u  1  1  1  u  j 

Secondary  Memory 

1222 

1469 

1732 

Geometric  Means  (msec)  of  Reaction  Time  for  naming 
words,  and  retrieval  of  paired  associates  from  work¬ 
ing  memory  and  secondary  memory  (Waugh  et  al.,  1978). 
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eel  -  fox 
eel  “  ? 

The  time  required  to  produce  the  response  ("fox"  for  the  "eel" 
cue)  Mas  recorded*  Presunabiy  the  retrieval  of  the  response  term 
Mas  from  primary  memory^  since  no  items  Intervened  uetween 
presentation  and  test*  Hence  RT  nas  taxen  as  a  measure  of  the 
speed  of  primary  memory  retrieval* 

In  toe  second  part  of  the  experiments  participants  memorized 
all  tHelve  pairs  of  associates*  Mnemonic  cues  were  given  to  aid 
them  in  doing  this*  After  the  list  of  associates  had  been 
memorized*  individual  cue  words  were  presented*  and  the  responses 
to  tneir.  Mere  timeo*  In  this  case  the  presumption  was  ti.et 
retrieval  was  from  secondary  memory*  Table  3  shows  the  results. 

A  positively  accelerated  function  relating  RT  to  aging  is  clearly 
evident  in  tne  retrieval  data*  Retrieval  from  secondary  memory  is 
considerably  slower*  and  the  age  effects  are  larger* 

further  confirmation  of  the  hypothesis  that  aging  has  a 
substantial  effect  on  retrieval  time  from  secondary  memory  was 
obtained  by  ^oon  and  Pozard  (1980)*  using  a  continuous  recognition 
task*  In  this  experiment  subjects  were  presented  a  long  series  of 
woros*  kith  each  presentation  they  had  to  indicate  whether  the 
woru  had  oeen  presented  before*  20*  50  and  60  year  olds  showed 
small*  but  reliable  RT  differences  for  words  that  were  still  in 
the  span  of  primary  (working)  memory.  The  differences  in 
retrieval  times  became  much  larger  when  the  woros  had  to  be 
retrieved  from  secondary  memory* 

The  literature  seems  strong  enough  to  warrant  a  ^Irm 
conclusion*  In  situations  in  which  an  individual  is  queried  about 
information  that  has  been  received  within  the  last  few  minutes* 
information  retrieval  becomes  slower  as  we  age,  Effects  are 
clearly  evident  by  age  30*  The  data  is  sparse  for  the  <:G-30  age 
range*  but  presumably  there  Is  some  slowing  of  response*  The 
amount  of  slowing  and  the  effect  of  age  upon  slowing  of 
Information  retrieval  will  be  greater  If  the  information  must  be 
retrlevec  from  seconuary  rather  than  working  memory*  While  the 
practical  iirportance  of  these  observations  has  not  been 
demonstrateu  (or  even  investigated)*  tne  fact  of  slowing  should  be 
Kept  in  mind  in  the  design  of  work  situations  where  a  person  must 
keep  tracK  of  rapidly  changing  situations*  Given  the  experimental 
evidence*  studies  of  age  effects  on  tasKS  such  as  those  of  a 
olspatcner*  air  traffic  controller*  or  fire  direction  officer  seem 
warranted. 

FcTCHiNG  iNFUkhATItlN  FROM  itMANTiC  MEMQKY 

The  I  terns  of  informatibn  in  wornlng  memory  are  not 
t r ansuuc t  i  ons  of  the  physical  stimulus*  they  are  interpretations 
of  tnst  stimulus*  Very  many  experiments*  which  we  shall  make  no 
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attempt  to  revleM^  have  shown  that  when  a  person  is  shown  a 
meaningful  symbols  such  as  the  visual  stimulus  CAT*  the  entry  in 
working  memory  is  not  a  representation  of  lines  and  angles*  hut 
rather  a  representatl on  that  includes  the  semantic  meaning  of  our 
word  tor  "small*  furry  domestic  feline*"  Obviously  this  semantic 
Information  must  be  retrieved  from  permanent  memory  in  order  to 
understand  speech*  Rapid  access  to  semantic  information  Is 
important  in  many  non-verbal  problem  solving  situations  as  well* 
although  this  may  be  because  humans  can  use  verbal  representations 
of  tnese  problems*  Because  access  to  semantic  Information  is  sucn 
an  Important  feature  of  our  thought*  it  is  reasonable  to  ask 
wnetner  or  not  the  speed  of  access  to  semantic  information  changes 
with  age  * 

There  are  actually  three  questions  here;  how  is  semantic 
access  to  be  measured*  is  it  a  reliable  dimension  of  Inoividual 
variation*  and  does  this  dimension  of  variation  correlate  with 
age?  Several  procedures  for  measuring  semantic  access  have  been 
developed*  They  all  require  that  a  person  calculate  a  response  by 
retrieving  some  well  known  ^act*  Qne  example  is  a  simple  word 
recognition  task  called  "lexical  identification".  People  are 
Shown  eitner  a  common  word  or  a  non-word  letter  string  that  Is 
formed  according  to  the  rules  of  English  orthography*  An  example 
of  a  non'-word  would  be  RAOE*  which  is  not  a  word*  out  does  not 
violate  any  spelling  or  pronunciation  rules*  Slightly  more 
complex  tasks  force  people  to  compare  the  semantic  meaning  of  two 
or  more  woros*  as  in  responding  to  the  question  "Is  a  canary  a 
bird?"  Tests  of  semantic  access  are  not  always  based  on  written 
language*  An  ooserver  can  te  asKed  to  name  a  hignly  familiar 
visual  stimulus*  such  as  a  picture  of  a  bird  or  a  house*  The 
common  feature  of  all  these  tests  is  that  they  require  the 
calculation  of  a  response  based  upon  knowledge  of  semantic 
inforniation  about  the  world*  rather  than  upon  knowlege  about  a 
particular  episode  In  a  person's  own  past  history  (Tulving*  197i), 

It  does  not  seem  to  matter  too  much  which  of  these  procedures 
is  used  to  measure  a  person's  speed  of  semantic  access*  as  the 
resulting  measures  are  highly  correlateo  across  Individuals  (Hunt* 
Davidsoii*  and  Lansman*  1U81;  Palmer*  hacLeoa*  Hunt*  and  Davidson* 
Note  c.)  The  fact  that  there  is  a  reilable  "semantic  access" 
dimension  of  individual  oifferences  appears  to  be  ulearly 
estabi ishej* 

Age  effects  have  been  little  studied*  wnich  is  unfortunate 
given  the  Importance  of  semantic  access  in  everyday  reasoning, 

Tne  only  adequately  controlled  studies  that  we  located  were 
related  experiments  by  by  Thomas*  Fozard*  and  Wau^n  11^77)  and  bv 
i:ysencx  1197*?).  The  Tnomas  et  al,  study  is  of  more  interest  nere 
oecause  It  covertu  the  age  ranges  uO-oO*  whereas  tysenck 
consiueruo  only  groups  in  tf>elr  cOs  and  late  >ds.  People  were 
asped  either  la)  to  name  pictures  of  comwun  items  or  (b)  when 
given  a  name*  to  tell  whether  the  following  picture  was  an  example 
of  the  home  (as  in  the  word  "dice"  followed  Dy  a  picture  of  dice)* 
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Tn&mas  tt  al.'s  c>ata  Is  displayed  in  Figure  30*  Age  effects  ire 
e V  I dent» 

We  would  hesitate  to  generalize  wiaely  from  the  Tnomas  et  al. 
study  to  semantic  access  In  general*  Although  picture 
Identification  and  other  strictly  verbal  measures  of  semantic 
access  are  highly  correlated  In  young  adults  (Hogaooam  and 
Pellegrino^  lv7oi  Hunt  et  al«#  19611  this  nay  not  be  the  case  for 
people  in  their  <tOs  and  50s*  A  picture  naning  tasK  has  obvious 
visual  as  well  as  verbal  components*  The  psychometric  data 
clearly  Indicates  that  age  affects  visualization  adversely*  while 
verbal  capacities  are  retained*  It  should  oe  noted  tnat  measures 
of  semantic  access  are  Intentionally  oesigned  to  be  tests  of  the 
"availability"  of  culturally  relevant  Information*  As  such*  they 
epitomize  Horn  and  Cattell's  definition  of  the  crystallized  (Gc) 
intelligence*  which  is  said  to  Increase  witn  age*  It  Is 
difficulty  to  know  what  sort  of  prediction  to  maKe  concerning 
performance  in  a  speeded  semantic  tasK  that  pits  an  expected 
increase  in  crystallized  intelligence  against  an  expecteo  decrease 
In  co<gnltive  computation*  Depending  on  which  of  Che  two 
age-related  processes  dominated*  one  could  make  a  case  for 
predicting  an  increase  or  decrease  in  speed  of  semantic  access  at 
a  particular  a^e*  Clearly  the  question  can  only  be  answered  by 
research  that  explores  the  performance-age  function  in  oetaii*  for 
a  variety  of  semantic  access  tasks* 


MANlPUcAriNG  VISUAL  IMAGES  IN  THc  HEAD 


Tne  last  paradigm  to  be  discussed  differs  from  the  others  In 
that  it  requires  the  manipulation  of  a  visual  "mental  Image” 
insteaa  of  the  manipulation  of  language  information*  Based  on  the 
psy  choir  etr  I  c  findings*  It  is  known  the  ability  to  make  that  such 
manipulations  does  not  reflect  the  same  aimension  of  Individual 
cl  I  f  f  er  cn  ct»3  as  does  the  ability  to  do  verbal  tasks* 

Experiments  that  seek  to  determine  tne  speed  with  whicn  a 
person  manipulates  visual  information  are  usually  oased  upon  a 
variation  ot  the  "spatial  rotations"  paradigm  developed  origin  ally 
by  Sheparu  and  Mctzler  li.971)*  The  tasK  is  illustrateo  in  figure 
31*  Two  neaninjiess  figures  are  presented*  at  different  angles  of 
orientation  with  respect  to  the  observer’s  line  of  sight*  The 
observer  must  indicate  whether  or  not  the  two  figures  are 
Identical  or  are  mirror  images  each  other*  This  tasx  is  of 
Interest  oecause  It  can  be  thought  of  as  an  experimental  analog  of 
tasKS  that  require  a  person  to  reconcile  different  visual 
perspectives*  a  skill  required  in  a  number  of  mechanical 
operations*  kT  in  spatial  rotation  experiments  can  be  described 
by  the  equation 

(6)  kT  •  A  ♦  BO* 
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wnere  C  is  the  angle  of  rotation  required  to  bring  the  two  figures 
into  spatially  congruent  mentai  representations.  The  parameter  B 
can  be  regarded  as  the  time  required  to  "rotate"  a  mental  image 
through  one  degree  iShepard  and  Hetzler^  1971;  Cooper  ano  Shepard> 


Ga^  cru  ano  Harsh  (1975)  found  age  differences  In  the  speed 
of  mentai  rotation*  as  measured  by  the  B  parameter.  However*  they 
only  contrasted  young  adults  with  elderly  (65-*-)  individuals. 

Berg*  Herczog*  and  Hunt  (1961)  obtained  mental  rotation  data  from 
university  a i umn I  (hence*  a  "superior  aoility"  group)  ranging  in 
age  froth  10  to  60.  In  tliis  study  the  subjects  practiceo  the  task 
lor  four  days*  to  lessen  the  criticism  that  older  subjects  perform 
more  slowly  because  of  a  lack  of  familiarity  with  this  type  of 
task.  The  results  are  snown  in  Figure  32.  RT  Increased  steadily 
With  age  and  with  the  angle  of  rotation.  In  addition*  there  was 
an  interaction  between  age  and  the  angle  of  rotation*  Indicating 
age  ulfferences  in  the  speed  of  rotation  itself  (the  R  parameter). 
Table  A  shows  Berg  et  al.'s  data  for  the  A  and  B  parameters  as  a 
function  of  age.  The  data  show  a  progressive  Increase  In  Doth 
parameters  with  increasing  age.  This  is  consistent  with  the 
hypothesis  that  the  speed  of  computation  upon  a  visual*  primary 
meuiory  representation  increases  with  a  person's  age.  Since  visual 
Image  r an! pu I  at i on  ano  reasoning  is  sometimes  saio  to  be  important 
in  a  Variety  of  mechanical  and  motor  control  tasks*  It  would  oe  of 
interest  to  Investigate  further  the  relationship  between  age* 
spa  1 1  a  I  -  v  I  sua  I  intake  manipulation*  and  performance  In  selected 
occupation.  It  would  oe  particularly  Interesting  to  determine 
Whether  tne  age  effects  that  are  so  clear  In  Berg  et  al.'s  data 
hold  for  individuals  who  practice  spatial  tasKS  in  their  daily 
lives*  such  as  aviators*  professional  automobile  drivers*  and 
architects. 


Trit  Cdi'iTliNUlTY  OF  aOc  TRfNDS  IN  HENTAL  CUMPUT AT  1  Oh . 


The  literature  on  mental  computation  is  remarKably 
consistent.  There  appears  to  be  a  substantial  slowing  in  the 
speed  or  mental  tasks  as  one  passes  through  the  working  years.  In 
general*  tht  greater  the  complexity  of  the  mental  computation*  the 
greater  me  amount  of  slowing  observeo  In  the  early  60s  and  beyond 
(Cerella*  •’oon*  ano  will  lams*  19d0).  In  the  section  on  response 
selection  wn  noteo  that  there  is  a  linear  relation  between 
chronological  age  between  20  anc  60  and  the  time  required  to 
select  responses.  Does  a  similar  relation  hold  for  the  time 
requlreo  oy  more  cumplex  mental  calculations?  Table  b  skows  the 
results  bf  fitting  a  linear  function  to  oata  from  several  of  the 
experiments  that  have  been  citto  In  this  section.  In  summarizing 
the  ddta  on  motor  movement  time*  we  observed  tnat  many  aging 
effects  upon  RT  relations  can  he  sunmarized  by  the  linear 
regression  equation  of  Equation  15).  How  well  ooes  this  fit  tne 
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Figure  32.  Reaction  time  to  identify  geometric  figures  as  "same" 
or  "different"  as  a  function  of  angle  of  rotation,  age 
and  sex.  Ages  1-under  25,  2-  25-35,  3-  35-45,  4-  50+. 
(Berg,  Hertzog,  and  Hunt,  1981) 


Table  4 


Slopes,  and  Intercepts  for 
Age  Groups  over  Days  of  Practice 


Mean 


Age 

Sex 

Day  1 

Day  2 

Day  3 

Day_4 

21 

Females 

Slope 

6.65 

4.69 

3.63 

3.26 

Intercept 

910.40 

683.30 

606.10 

580.40 

21 

Males 

Slope 

7.79 

4.90 

3.88 

3.59 

Intercept 

1009.80 

744.00 

679.40 

648.60 

32 

Females 

Slope 

9.66 

6.66 

5.83 

4.70 

Intercept 

891.40 

731.00 

636.10 

574.80 

33 

Males 

Slope 

7.30 

5.72 

5.38 

4.77 

Intercept 

1046.70 

838.70 

758.10 

762.30 

49 

Females 

Slope 

8.87 

7.73 

6.67 

5.84 

Intercept 

1176.50 

921.50 

856.20 

794.30 

53 

Males 

Slope 

10.43 

9.42 

9.28 

7.60 

Intercept 

1412.60 

1124.80 

997.60 

1057.70 

62 

Females 

Slope 

17.96 

17.00 

14.36 

13.17 

Intercept 

2145.80 

1463.80 

1446.60 

1167.70 

64 

Males 

Slope 

10.40 

9.89 

9.32 

8.92 

Intercept 

1337.70 

1224.90 

1042.20 

1117.30 

Data 

from  Berg, 

Hertzog,  & 

Hunt,  1981. 

Table  5 


Task  A  B 


Primary  Memory  Retrieval, 

Familiar  Stimulus 

(Thomas  et  al.,  1977)  527  1.84 

(Reduced  case  of 

Thomas  et  al.  data)  357  5.00 

Naming  items 

(Thomas  et  al.,  1978)  439  5.76 

Matching  semantic  categories 

(Thomas  et  al.,  1978)  412  3.57 

Response  to  tone  while  doing 
a  Hard  Verbal  Memory  Task 

(Hunt  and  Lansman,  1981)  178  3.66 


Fit  of  the  equation  RT  =  A  +  B  (Age) 
to  data  from  complex  reaction  time 
tasks:  All  data  is  milliseconds. 
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data  for  tasks  tnat  dtpend  tore  upon  complex  memory  computat ionsT 
The  fits  are  not  as  good  as  Mere  obtained  tor  the  simpler  tasks> 
but  are  still  substantial*  The  major  exceptions  are  that  1)  in 
Thomas  et  al.'s  (1977)  ’’semantic'*  studies*  age  effects  were 
negatively  accelerated  functions  of  absolute  age*  and  2)  that  In 
each  of  the  conditions  of  Thomas  et  al.'s  (1978)  primary  memory 
study  there  was  one  group  whose  results  were  not  in  the  oroer 
predicted  by  equation  5*  In  particular*  the  30  year  old  group  was 
unusually  slow  in  dealing  with  "familiar”  items*  When  these 
groups  are  removed  from  the  analysis  (che  "reduced”  case  of  the 
Thomas  et  al*  data)  tne  fit  of  the  equation  Is  substantially 
I mproved* 

The  case  for  the  proposition  that  mental  activity  slows 
continuously  with  age  seems  strong* 


8.  ACCURACY  OF  INFOKflATlON  RtTKiEVAL 

The  olscussion  will  now  shift  from  a  review  of  studies  of 
speed  of  responding  to  studies  of  accuracy*  The  material  revieweu 
in  this  section  deals  with  age  related  changes  In  the  retrieval  of 
information  from  memory*  Section  8  deals  with  changes  In  problem 
solving  and  reasoning*  tasks  that  require  people  tu  consider  the 
consequences  of  explicitly  presented  information*  Section  9 
critiques  Knowleqge  of  the  relation  between  age  and  accuracy  of 
mental  processes* 


AGE  CHAhGLi  IN  WuPnlNG  MFnn«?Y 


How  many  pieces  of  information  can  a  person  keep  in  mind  at 
once?  In  a  memory  span  experiment*  a  person  is  asked  to  recite  a 
small  amount  of  information  presenteo  seconos  before  testing*  The 
Digit  Span  subtest  of  the  Wnchsier  Adult  Intelligence  Scale  (WAIS) 
is  a  good  example*  The  examiner  reads  a  list  of  digits  aloud*  and 
the  examinee  is  askeo  to  repeat  them*  either  forwards  or 
backwards*  Tne  number  of  items  correctly  recalled  is  called  the 
digit  span*  Estimates  of  word  and  letter  span  usually  do  nut 
differ  greatly  from  digit  span*  Because  of  tnis*  Miller  (19b6) 
has  suggested  tnat  the  unit  of  memory  Is  the  meaningful  symbol* 
which  he  refers  to  as  a  "chunk"*  rather  than  tne  mathematical 
measure  or  information  in  that  symbol*  Based  on  a  survey  of  the 
literature*  M||ier  I19b6)  proposeo  the  "magic  number  seven*  plus 
or  minus  two"  as  a  reasonable  estimate  of  the  number  of  chunks 
that  could  be  heio  in  working  memory*  This  Is  perhaps  a  bit 
optimistic*  Miller's  data  was  drawn  mostly  from  studies  of 
university  students*  Studies  of  more  general  populations  indicate 
that  adult  digit  span  Is  usually  from  four  to  seven  (Matarazro* 
1972}  Tailand*  iqhf)).  Values  below  this  range  are  consioered 
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Indicative  of  Drain  damage*  Values  above  this  probably  indicate 
that  the  person  being  tested  has  developed  some  special  trick  ^or 
nemorizlng  lists  (Matarazzo*  1972.;  Chase#  Lyon*  and  Ericsson* 
1981)*  Providing  that  digit  (or  letter*  or  woro)  span  is  tested 
In  a  ouiec  area*  estimates  of  Its  value  decline  only  slightly  over 
the  adult  years  (Craik*  1968*  1977)*  Individual  variation  elthin 
an  age  group  appears  to  be  far  greater  than  variation  due  to  age* 

What  produces  a  limit  on  memory  span?  Several  hypotheses 
have  been  proposed*  AM  are  based  upon  the  assumption  that  the 
memorizer  sees  the  object*  names  it*  and  then  holds  an  (Internally 
generated)  name  in  Morking  memory*  After  an  extensive  review* 
Dempster  (1981)  concluded  that  the  limiting  factor  in  span  is 
normally  the  speed  with  which  an  individual  can  recall  the  name  of 
an  external  stimulus*  This  fits  well  with  the  observation  that 
age  differences  in  digit  span  are  small*  for  Waugh  et  al*  (1978) 
report  only  minimal  age  differences  in  naming  latencies. 

Working  memory  should  not  be  thought  of  as  a  set  of  slots* 
analagous  to  post  office  boxes*  It  is  more  likely  that  working 
memory  consists  of  a  set  of  records  that  are  kept  in  a  high  state 
of  arousai  (loosely*  "rehearsed”)  by  an  active  process  of 
attending.  How  does  one  remember  a  list  of  Items?  By  rehearsing 
verbal  laoels  Insioe  the  head.  If  rehearsal  is  interrupted* 
memory  span  drops  drastically*  To  illustrate*  memory  span  crops 
tc  almost  zero*  over  as  short  a  period  as  18  seconds*  if  the 
examinee  Is  asked  to  count  backwards  by  tnrees  during  the  period 
between  i  ist  presentation  and  recall  (Peterson  and  Peterson* 

1959). 


Holding  information  in  working  memory  is  an  attention 
oemanoing  task.  Applying  Kahneman's  (1973)  mental  resource  model 
of  attention*  whenever  a  mental  task  requires  temporary  retention 
or  information  in  working  memory*  attentional  resources  must  be 
diverted  from  other  ongoing  mental  activities*  Conversely*  the 
presence  of  other  ongoing  mental  activities  will  limit  tne  amount 
of  attentional  resources  that  can  oe  allocated  to  the  memory  task. 
There  is  a  good  oeal  of  experimental  support  for  this  proposition. 
In  general*  it  is  difficult  to  hold  Items  in  memory  wnile  other 
problem  solving  Is  going  on*  and  the  act  of  problem  solving  will 
reduce  the  memory  span.  For  instance*  tne  time  required  to 
comprehenu  a  simple  sentence  is  Increased  If  people  are  asxed  to 
hold  irrelevant  information  (e.g.  a  set  of  digits)  in  working 
memory  as  the  sentence  is  being  presented  (Hitcn*  19BO;  I ansman* 
Note  9).  Matnematics  proolems  tnat  place  demands  on  working 
memory*  suwh  as  additions  with  carries*  are  harder  than  similar 
problems  tnat  do  not  place  a  buruen  on  working  memory  (Hitch* 
1978).  The  logic  used  to  explain  these  phenomena  is  essentially 
the  same  as  that  used  to  explain  interference  in  Jual  tasks.  It 
Is  asserted  tnat  in  some  situations  a  person  must  conduct  two 
sorts  of  mental  computations  at  tne  same  time;  renearsal  of 
Information  in  working  memory  and  "something  else."  Tne  two  tasks 
cumpeie  for  limited  attentionel  resources*  hence  oerformance  on 
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Figure  33.  Memory  span  for  digits,  with  and  without  ancillary  tapping 
task.  Data  is  shown  as  a  function  of  sex  and  age  (Botwinik 
and  Storandt,  1974). 
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one  or  both  tasKS  should  deteriorate. 

If  tne  attention  competition  explanation  is  combined  with  the 
attentionai  deficit  hypothesis  that  attentionai  capacity  decreases 
with  age>  it  follows  that  age-related  decrements  in  measures  of 
Horhing  memory  capacity  should  appear  In  situations  in  which  other 
ongoing  mental  activity  impose  demands  upon  attention  —  i«e.»  a 
dual  task  paradigm.  While  literature  reviews  nave  suggested  that 
the  predicted  age  effect  does  occur#  examination  of  the  primary 
literature  indicates  that  the  effects  are  small  and  only  appear 
after  age  60.  Figure  a3  shows  some  data  gathered  by  9otwinicK  and 
Storanot  in  which  digit  span  forward  and  oackwaro  was 

calculated  in  the  normal  manner  and  wniie  subjects  were  doing  a 
concurrent  finger  tapping  task.  There  was  virtually  no  change  in 
digit  span  before  age  60#  in  eitner  in  single  or  dual  task 
conoitiona.  Similar  results  have  been  reported  by  Taliano  (1966) 
using  siightly  different  dual  tasks.  The  expected  age  x  task 
concition  interaction  appeared#  but  only  after  age  50. 

Memory  span  tasks  are  usually  self  paced.  The  attentionai 
demands  of  a  memory  task  can  be  increased  by  using  an 
exper imenter-paced  situation  in  which  the  contents  of  working 
memory  must  oe  continually  updated  and  tested.  Active  use  of 
working  memory  in  this  way  seems  to  be  an  important  element  In 
many  occupational  tasks.  An  air  traffic  controller#  for  instance, 
must  Keep  tracK  of  a  cnanging  traffic  situation.  This  situation 
was  mimicked  in  an  experiment  conducted  by  Hunt  and  Lansoian  (I9ei) 
for  somewhat  different  purposes*  We  earlier  presentee  data  on  tne 
response  selection  aspects  of  their  study.  Here  we  report  a 
second  additional  analysis#  in  which  we  look  at  age  effects  on 
recall  from  working  memory  as  a  function  of  age.  The  conditions 
tnat  are  reievent  are  their  single  task  conditions#  in  whicn 
subjects  hao  to  keep  track  of  the  current  state  of  a  continuously 
Changing  set  of  letter-digit  pairs.  For  example#  in  a  typical 
secuence  tne  following  events  woulo  occuri 

Event  on  screen  Response 

A  ■  5 

B  •  2 

A  »  ?  5 

A  »  7 

B  ■  ?  2 

8  - 

etc. 

The  example  given  is  trivial#  because  tt.ere  are  only  two  variables 
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to  be  recalled*  the  numbers  currently  paireo  witn  A  and  P.  The 
task  is  much  naraer  if  five  or  seven  variables  are  to  be  used* 
Performance  on  this  task  has  been  shoMn  to  depeno  neavily  upon 
working  memory  (Atkinson  ana  Shiffrin*  ivoe).  Figure  34  shows 
accuracy  of  performance  plotted  as  a  function  of  a^e  and 
complexity  of  the  task  (2  variables  opposed  to  3)*  There  is  a  a 
slight  oecline  In  performance  with  age*  primarily  due  to  reduced 
performance  of  people  beyond  40* 


iLCUNDARY  ftfeMORY 

Information  must  be  recalled  from  secondary  memory  if 
information  presented  exceeds  the  capacity  of  worKing  memory*  or 
if  some  activity  requiring  working  memory  intervenes  between  the 
Lime  tnat  information  is  presented  and  the  time  tnac  it  is  to  he 
recalled*  Examples  would  be  recalling  a  list  of  twenty  to  thirty 
words*  or  recalling  a  five  word  list*  after  having  done  arithmetic 
in  Che  period  between  list  presentation  and  recall* 

The  easiest  way  to  test  secondary  memory  is  to  extend  tne 
memory  span  experiment  oy  presenting  a  list  longer  than  can  be 
held  in  worKing  memory*  The  assumption  is  that  this  forces  the 
recall  of  some  items  from  secondary  memory*  Figure  33  presents 
data  on  the  accuracy  of  recall  of  lists  of  words  as  a  joint 
function  of  list  length  and  age  (Talland*  lV6d)*  Age  effects  do 
appear*  but  they  are  small* 

An  aicernative  tecnnique  for  studying  recall  from  secondary 
memory  utilizesa  phenomenon  known  as  the  serial  position  effect* 

It  nas  long  been  known  that  if  a  person  attempts  to  recall  I  terns 
from  a  list  that  exceeas  mtsmory  span*  the  best  recalled  Items  are 
those  at  the  last  of  the  list  ("recency" — the  items  most  recently 
presented  are  recalled  best)*  followed  by  the  Items  at  the  front 
of  the  list  ("primacy")*  ana  then  by  the  items  in  the  middle*  The 
usual  explanation  for  the  recency  phenomenon  is  that  Items  later 
in  tne  list  force  the  earlier  I  terns  out  of  working  memory*  If 
recall  is  tested  immediately  after  the  list  is  presented*  the  last 
few  lieirs  will  be  resident  in  working  memory*  while  the  remaining 
Items  must  he  recaileo  from  secondary  memory.  Craik  (1977)  has 
reporced  data  showing  that  there  are  no  age  effects  on  recall  o*' 
Items  in  tne  recency  portion  of  a  list*  but  that  age  effects  oo 
appear  In  recall  cf  I  terns  from  the  earlier  parts  of  a  list*  The 
lack  01  an  age  oy  recency  Interaction  is  consistent  with  the 
finding  tnat  the  capacity  of  working  memory  does  not  change  with 
age*  tut  tnat  the  effectiveness  of  retrieval  from  secondary  memory 
does. 


A  test  of  secondary  memory  simultaneously  tests  three  things* 
the  ability  of  a  person  to  transfer  information  from  primary  to 
seconuary  memory  during  the  storage  stage*  the  aoillty  to  retain 
Information  in  secondary  memory  for  some  period  of  time*  and  the 
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Figure  34,  Accuracy  of  recall  is  continuous  in  paired  associates 
task  -  hard  condition.  Hunt  and  Lansman,  1981. 
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Figure  35.  Number  of  words  recalled  immediately  as  a  function 
of  list  length.  (After  Talland,  1968). 
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ability  to  retrieve  that  intormatlon  given  whatever  cues  are 
^resented  ahen  retrieval  Is  required.  Norman  anu  Bobrow  1197'}) 
present  a  useful  way  of  conceptualizing  the  three  phases.  During 
the  storage  phase  a  person  estaolishes  a  "description"  of  the 
information  to  oe  stored.  This  is  roughly  analagous  to  a 
librarian's  cataloguing  a  book  wnen  it  is  purchased.  Certain 
facts  about  the  information  to  be  storeo  are  noted#  and  these  are 
used  to  establish  a  scheme  of  references  that  can  be  used  for 
later  retrieval.  Imagine  a  person  trying  to  memorize  a  list 
containing  the  word  "cat".  Part  of  the  referencing  scheme  for 
this  word  might  be  based  on  properties  of  the  word  itself  (e.g. 
"cat"  sounds  like  "bat"#  "cat"  is  an  animal)  while  other 
references  might  be  deriveo  from  properties  of  tne  referent#  or 
from  idiosyncratic  facts  in  a  person's  prior  information  structure 
(e.g.#  "My  aunt  Eioiva  has  a  cat#  think  of  rer  holding  It").  Once 
the  active  cataloguing  process  has  been  completed  the  intormatlon 
itself  is  assumed  to  reside  in  memory#  without  requiring  furtner 
(attention  demanding)  maintenance.  When  retrieval  is  required 
some  cues  will  inevitably  be  present.  These  cues  are  used  to 
determine  a  retrieval  scheme  analagous  to  the  proceoure  a  library 
user  executes  when  trying  to  fino  information.  If  the  retrieval 
scheme  and  the  descriptions  match#  the  information  is  recalled. 
Otherwise  it  is  not.  Successful  memorization  tnus  depenos  on  two 
things:  tne  development  of  schemes  for  description  and  retrieval# 
and  the  extent  to  which  the  two  schemes  match. 

The  development  of  storage  ana  retrieval  schemes  fits  into 
Schneider  and  Sniffrin's  (1977)  definition  of  attention  demanding 
controlled  processes.  According  to  the  attentional  deficit 
hypothesis#  memory  should  be  vulnerable  to  age  effects  as  the 
schemes  are  being  constructed.  The  retention  phase#  being  passive# 
snould  not  be  sensitive  to  age  and  its  associated  reduction  in 
attentional  capacity.  A^e  effects  on  information  retrieval  should 
be  founo  when  the  storage  and  retrieval  phases  require  extensive 
computations  in  themselves#  or  wnen  storage  and  retrieval  occurs 
in  cunpetition  with  other  cognitive  computations.  Gn  tne  other 
hand#  the  effect  of  retention  interval#  per  se#  snould  not  be 
inf  lutnced  Cy  age. 

In  an  elegantly  designer)  study#  WIcKelgran  (1975)  founu 
precisely  these  results.  He  useo  a  complex  version  of  the 
continuous  recognition  memury  paradigm#  in  which  a  person  is  shown 
a  series  or  items#  some  of  whlcn  are  presented  two  or  more  times. 
The  person's  task  Is  to  respond  to  indicate  wnen  an  item 
presentation  is  repeated.  By  applying  a  (airly  complex 
mathematical  analysis  to  the  data#  Wickeigren  concluded  that  there 
were  age  effects  in  storage  and  retrieval#  out  not  in  retention. 
Unf or  tuna le i y  for  our  purposes#  Wickeigren  only  contrasted  the 
pertormance  or  children#  young  auults#  and  the  elderly. 
WiCKeigren's  experiment  shoulo  be  replicated  on  aoults  in  the 
middle  age  range.  The  fact  that  young  and  olo  adults  were 
equivalent  in  retention  Implies  that  retention  is  stable  in  middle 
age  as  we i ( .  On  the  other  band#  without  testing  people  in  the 
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age  range*  we  nave  no  way  of  tracing  the  change  in  storage 
and  retrieval  functioning  over  the  working  years* 

Secondary  memory  can  be  tested  by  recali*  wnich  forces 
construction  of  a  retrieval  scnemej  recognition*  wiilch  minimizes 
the  need  to  construct  a  scheme)  or  by  cued  recall*  in  which 
assistance  is  provided  in  constructing  particular  types  of 
retrieval  scnemes*  Table  6  shows  tne  data  from  a  much  cited  study 
by  Schonfeld  and  Robertson  (1966)*  in  wnich  people  of  varying  ages 
were  required  either  to  recognize  or  recall  arbitrary  lists  of  24 
words.  There  were  virtually  no  age  differences  in  recognition. 
Recall  dropped  regularly  with  a^e  over  the  20  to  60  range.  This 
data  IS  typical  of  data  ootaineo  in  several  otner  studies 
contrasting  recognition  and  recall  performance.  The  result  Is 
obviously  consistent  with  the  attentionai  deficit  nypotnesis. 

A  furtner  test  uf  the  interaction  oetween  memory  performance* 
a^e*  and  attentionai  demands  could  be  constructed  by  experiments 
mat  attempt  to  show  exacerbateo  age  effec^ts  in  dual  task 
situations*  similar  to  the  studies  that  have  shown  primary  memory 
deficit  in  ouai  tasks.  According  to  the  hypothesis*  a  competing 
task  should  increase  age-related  drops  In  memory  if  It  competes 
for  attention  during  the  storage  or  retrieval  pnases*  but  should 
nave  no  effect  if  it  is  introduced  during  the  retention  phase. 

Such  experiments  would  be  of  interest  in  themselves  and  because 
they  seem  to  be  analogous  to  real  world  situations;  e.g.  trying  to 
memorize  or  recall  something  as  you  are  distracted.  Ve  are 
unaware  or  any  studies  that  have  used  such  a  paradigm. 

Ti.e  argument  tnat  establishing  t  description  is  Important  in 
memorization  has  oeen  phrased  in  a  somewhat  different  way  by  Craik 
and  LoCkhart  (19/2*  Craik*  1979)*  who  use  the  term  "depth  of 
processing".  In  the  Norman  and  Robrow  terminology*  Craik  and 
LocKhart  claim  that  in  constructing  descriptions  there  is  a  fixeo 
oroer  of  elaouration  upon  the  infurmatiun  presented*  beginning 
with  nuticing  physical  features  (e*g.  "cat"  has  a  particular 
visual  snape)*  then  any  related  physical  codes  ("cat"  sounds  like 
"oat")*  and  finally  a  network  of  semantic  associations.  Craik  and 
Locknart  referred  to  the  predicteo  ordering  as  representing 
progressively  deeper  processing*  and  asserted  that  deep  processing 
haa  to  be  conpleted  in  order  to  ensure  memory  retrieval.  Tfe 
necessity  fur  a  fixed  order  of  processing  nas  been  questioned.  An 
elaborate  description  can  be  produced  at  a  "shallow"  level  and 
still  serve  as  a  good  description  to  guide  retrieval  (Raddeley* 
1978)  Nelson*  1977).  Accorolng  to  Nor  man  and  Robrow's  analysis* 
the  important  variables  are  how  much  processing  is  done  at  storage 
time  ana  ho«  well  tne  description  iratenes  tne  retrieval  scheme* 
and  not  wnaf  type  of  processing  is  done.  Regardless  of  the 
details  of  tn|s  uebate.  it  does  seem  tnat  Craix  and  Lockhart's 
distinction  between  shallow  and  deep  processing  may  well  represent 
the  normal  proceoure  used  In  establishing  descriptions.  Studies 
of  mnemonists  (Cnase*  Lyon*  and  tricsson*  1901;  Hunt  and  Love* 
197z)  have  shown  that  very  good  memorizers  do  adopt  scnemes  that 
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Table  6 


Mean  Recognition  and  Recall 
_ Scores  by  Age _ 


Age 

Range 

N 

Recognition 

20-29 

36 

20.01 

30-39 

23 

19.48 

40-49 

32 

19.53 

50-59 

21 

19.90 

60  + 

22 

20.09 

Data  from  Schonfield  and  Robertson,  1966. 


Recall 

13.78 

12.30 

10.01 

9.57 

7,50 


20-29  40-49  60-69 

30-39  50-59  70-79 


AGE  GROUP 


Figure  36.  Recognition  Memory  (d'  units)  for  auditory,  visual,  and 
tactile  stimuli.  (Riege  and  Inman,  1980). 
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emphasize  ueep  processing. 

Tne  deep  proce;>slng  concept  Is  another  example  of  the  use  of 
an  attention  demanding  controlled  process  to  fix  information  in 
memory.  If  attention  aeiuanding  processes  are  most  affected  by 
aging#  it  follows  that  age  effects  on  memory  should  be  most 
pronounced  When  deep  processing  (s  required.  Simon  (1979)  tested 
this  hypotnesis  by  presenting  supraspan  lists  of  words  for  a  fixed 
period  of  time.  Retrieval  was  aided  either  by  presenting  an 
auditory  cue  (e.g.  cueing  "nog"  by  “smog")  or  a  semantic  cue  (e.g. 
cueing  “hog"  by  "porK.**)  The  argument  was  that  the  phonetic  cue# 
representing  shallow  processing#  snould  be  effective  at  all  ages# 
but  ttiat  the  semantic  cue#  representing  a  level  of  processing 
reachec  only  by  fast  processors#  should  oe  effective  only  for 
younger  subjects.  Older  people  (mean  age  61)  showeu  less  recall 
than  younger  subjects  (mean  age  20)  in  all  conditions  but  tne 
differences  were  greatest  for  semantic  cueing.  Middle  aged 
participants  (mean  age  A3)  showed  intermediate  results*  Simon 
conciuueo  tnat  semantic  processing  was  most  affectea  by  age#  and 
tnat  effects  appear  as  early  as  age  AO*  This  conclusion  Is 
similar  to  that  reported  by  Eysenck  (197h)#  in  a  study  that  showed 
semantic  coding  deficiencies  in  bO  year  olds#  compared  to  20  year 
olds. 


An  alternative  way  to  test  the  attentional  deficit  hypothesis 
Is  to  look  fur  the  absence  of  age  effects  in  situations  in  which 
there  is  no  draw  on  attentlonal  resources.  It  has  been  argued 
that  some  Kinds  of  information  can  be  stored  and  retrieved 
"automatically#"  i.e*  mthout  attentlonal  resources  being 
expendfcu.  Memory  for  the  frequency  witn  which  events  occur  and 
memory  for  tne  temporal  order  of  two  events  have  oeen  offered  as 
examples  of  automatic  memorization*  Memory  for  ooth  frequency 
(Hasher  and  ZacKs#  1979)  and  temporal  order  (Perlmutter#  "etzger# 
NezworsKi#  and  Miller#  1961)  nas  been  shown  to  oe  equivalent  in  29 
year  old  and  60  year  old  subjects*  It  is  hardly  likely  that  there 
would  be  effects  In  the  age  ranges  in  between. 

All  tne  Casks  that  have  been  described  so  far  depend  upon 
verbal  memory*  Would  the  picture  change  if  memory  for  visual 
events  were  tested?  The  question  is  not  easy  to  answer#  because 
our  normal,  memory  for  visually  presentea  events  may  depend  In  part 
upcn  the  verbal  processing  tnat  we  oo  as  we  name  tne  events.  One 
study  (Reije  and  Tnman#  i9bi)  has  been  reported  of  memory  for 
"un I auc I  I  40  I  e"  visual#  auditory#  and  tactile  stimuli*  Recognition 
memory  for  all  three  types  of  information  oropped  with  age.  The 
results  are  shown  in  Figure  36.  Mote  tnat  the  greatest  drops  in 
auditory  and  tactile  memory  appear  relatively  early  In  adulthood# 
while  memory  for  visual  stimuli  did  not  drop  until  the  S' Os. 

The  delayed  crop  in  visual  memory  may  be  questioned  on  tne 
oasis  of  the  data  from  the  Hunt  and  Lansman  (1981)  experiment.  In 
one  section  of  that  study#  they  replaced  the  paired  associates 
task  with  a  visual  pattern  recognition  task.  There  were  two 
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levels  of  difficulty  lnvolved»  depending  upon  tne  nueber  of 
elements  In  tne  visual  pattern.  Figure  37  shows  that  accuracy 
dropped  as  a  function  of  age  for  both  the  easy  and  hard  visual 
patterns.  In  contrast  to  the  Klege  and  Inman  results*  the  major 
age  differences  occurreo  between  ages  3?  ana  4b. 

There  appear  to  oe  age  related  drops  in  both  storage  and 
retrieval  of  information  in  secondary  memory*  but  the  age  related 
changes  are  not  large.  The  attentionai  deficit  hypothesis  serves 
as  a  rough  guide  for  tninKing  about  tne  age-related  changes  In 
per  f  or  ni  anoe*  suggests  that  any  age  effects  on  memory  will  be 

magnified  if  storage  or  recall  occurs  under  dual  task  conditions. 

A  caution  is  in  order.  Logically*  one  could  extend  a 
"secondary  memory"  study  to  recall  Intervals  of  days*  months*  or 
even  years*  but  in  practice  the  interval  between  information 
presentation  and  retrieval  is  usually  on  the  oroer  of  five  to 
fifty  minutes.  Although  Psychology  texts  and  review  articles 
freely  generalise  from  the  laboratory  studies  to  field  situations 
involvina  much  longer  time  intervals*  there  Is  surprisingly  little 
evidence  supportiny  the  generalization.  Experiments  by  Nelson 
(1967)  suggest  that  Che  same  laws  of  memory  do  apply  over  a  wiue 
range  learning-recall  Intervals.  Tne  oata  Is  quite  sparse* 
tnougn*  ana  more  studies  are  needed  before  generalization  from 
laboratory  to  field  can  be  said  to  be  more  chan  a  statement  of 
f  a  i  t  n  • 


ntANINurUi.  hthURY 

All  or  tne  memory  experiments  reviewed  thus  far  the 
participant  must  remember  inroriratlon  that  Is  or  little  personal 
relevance.  The  paired-associates  task  is  a  good  example. 
Participants  are-'eskeo  to  learn  new*  arbitrary  associations 
Detween  items.  Often  tne  items  are  nonsense  materials  or  words 
with  low  semantic  association.  Tne  reason  ror  using  suet  material 
is  tnaL  psychologists  want  to  stuoy  "pure"  learning  In  controlled 
situations*  wnere  ti.e  experimenter  can  control  the  participants' 
exposure  to  the  inrurmaticn  to  be  learned. 

One  approacri  to  the  study  of  meaningful  learning  is  simply  to 
repeat  tne  ucsign  of  conventional  learning  and  memory  e* pe r i men t s • 
using  meaningful  material.  Suppose  tnat  one  wlsheo  to  estahllsn 
memory  span  for  linguistically  organized  "chunxs"  instead  or  'or 
arbitrary  lists  ^^f  nonsense  syllables.  A  gener  al  I  zat  tor'  of  n 
memory  spin  study  is  to  determine  tne  lohyest  sentence  that  can  t« 
recalleu  verbaitm.  Sentences  of  ten  or  more  words  can  be  recalleu 
perfectly.  Tnls  Is  consloeraoly  beyond  tne  average  memory  sw«n  for 
unrelated  words.  The  usual  explanation  is  tnat  meaningful 
material  is  organized  into  logically  coherent*  muiti-word  units 
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which  then  form  the  unit  of  memory*  For  Instance#  the  sentence 
"The  dog  cnased  the  gray  cat  up  the  tree" 
contains  three  propositions: 

(1)  The  oog  chased  the  cat* 

12)  The  cat  was  chased  up  a  tree* 

(3)  The  cat  was  gray* 

Kintsch  and  Keenan  (1973)  have  presented  evidence  indicating  that 
the  propositions  within  a  sentence#  rather  than  the  sentence 
Itself#  are  probably  tne  units  of  memory  for  prose*  More 
generally#  as  word  strings  are  moveo  closer  and  closer  to  the 
structure  of  sentences  (and  thus  forced  Into  more  and  more 
propositional  units)  people  at  all  ages  recall  more  words  from  tne 
strings  (Cralk  ano  Massani#  196b)* 

A^  people  examine  a  connected#  coherent  discourse  they  begin 
to  construct  a  propositional  network  that  relates  the  statements 
In  one  sentence  to  tne  statements  of  another*  The  recall  scheme 
for  normal  prose  is  not  to  attempt  to  recall  the  original 
sentences  verbatim^  out  rather  to  reconstruct  sentences  from  one's 
memory  of  the  propositional  structure  of  the  to-be-remeirbered 
passage  (Kintsen#  iv79)*  Studies  of  prose  compr enens i on  are 
relatively  new#  and  have  usually  involved  contrasts  between  people 
In  tneir  <.0s  and  60s#  rather  than  an  examination  of  the  full  age 
ran^e*  Tne  studies  that  nave  been  done  (Cohen#  1979#  19tl?  Taub# 
i97c j  Light#  Zellnski#  ana  hoore#  Note  10)  all  Indicate  that  tnere 
Is  little  age-related  loss  In  the  ability  to  recall  propositions# 
providing  tnat  tney  are  made  explicit  In  the  text#  as  were  all  thw 
propositions  in  tne  example  sentences  given  above*  It  has  be'^n 
found#  however#  chat  elderly  people  are  less  llxely  to  till  out  a 
propositional  structure  by  constructing  propositions  tnat  would  be 
inferieo  from  a  combination  of  the  propositions  in  the  text  ana 
real  worlu  knowledge.  Continuing  with  the  Oog-cat  example# 

The  oog  frightened  the  cat 

would  be  an  example  of  a  proposition  that  could  be  inferred  ^rom 
the  sentences  presented  previously#  although  It  was  not  stated  In 
any  one  of  them.  The  Implications  of  tnis  finding  will  ce 
considered  in  more  detail  in  the  section  on  problem  solving* 

In  summary#  young  aouits  certainly  have  a  slight  aovantage 
over  elderly  adults  In  comprehending  verbal  messages  that  are 
presented  In  a  laboratory  setting*  Whether  tney  nave  the  same 
advantage  over  adults  in  the  90-60  age  range  is  not  clear. 

wnenever  we  deal  with  people  we  make  assumptions  about  what 
tney  Know  ol  the  world.  To  what  extent  are  tnera  age-related 
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trenas  in  the  availability  uf  different  types  of  "real  world" 
i nf ornat I  on?  Informal  reasoning  leads  us  to  expect  an  "Inverted 
U"  function  relating  real  world  Knowledge  to  chronological  age* 
There  is  the  obvious  truism  that  the  longer  you  live  the  more 
experience  you  nave  with  the  world*  On  the  other  hand*  there  is 
good  reason  to  believe  that  at  some  points  and  certainly  In 
advanced  old  age>  the  efficiency  of  the  learning  process  declines* 
Popular  fable  has  It  that  the  elderly  retain  clear  memories  of  the 
distant  past  but  are  less  able  to  store  Information  about  recent 
events*  This  is  seen  in  extreme  form  In  certain  types  of  senile 
dementia#  including  the  premature  aging  represented  by  Alzheimer's 
disease  (Gaitz#  1977)*  Oo  subciinical  manifestations  of  a 
resistance  lo  learning  begin  to  appear  in  the  AOs  and  ^Os? 

The  evidence  on  this  question  is  quite  encouraging*  Several 
studies  have  shown  that  older  people  are#  if  anything#  more  aware 
of  general  world  events  than  younger  people*  This  seems  to  be 
true  dt  least  up  to  age  60*  Warrington  and  her  associates 
(Warrington  ana  Silberstein#  19791  Warrington  ano  Sanoers#  1971) 
found  that  people  in  their  AOs  and  50s  Knew  more  about  events  that 
had  occurred  curing  the  past  year  than  did  English  senior  high 
school  students*  Lachman  and  Lachman  (1980)  found  similar  results 
In  a  study  that  compared  people  over  AO  to  currently  enrolled 
college  students#  as  aid  Perimutter  (1978)#  comparing  people  in 
the  ^Os  to  tnose  in  their  6Cs*  It  Is  worth  noting  that  the 
effects  of  education  appear  to  be  much  greater  than  the  effects  of 
age  in  studies  of  this  sort* 

AS  there  is  no  evidence  for  a  diminished  capacity  to  learn 
meaningful  material  during  the  worKing  years#  it  Is  hardly 
surprising  to  find  that  the  possession  of  more  Knowledge 
translates  directly  into  better  performance  In  one's  field  of 
expertise*  In  fact#  the  difference  between  sKlIled  and  average  or 
novice  pr act  I c I  oners  in  Intellectually  demanding  fields  is  closely 
relateu  to  the  amount  of  relevant  Knowledge  that  the  expert 
possesses#  rather  than  any  apparent  innate  sKill  at  problem 
solving*  This  has  been  illustrated  by  studies  of  information 
processing  in  meolcfne  (Pople#  1977)*  Experienced  Internists 
appear  to  be  fine  diagnosticians#  not  because  they  are  better 
logicians  tnan  less  experienced  physicians#  but  because  they  Know 
a  great  oeal  more  about  the  relationship  between  overt  symptoms 
and  underlying  disease  processes*  Simiier  results  have  been 
obtaineo  in  the  analysis  of  expert  performance  In  other  fields 
(e*g*#  LafKin  et  al*#  I960)* 

Knowleu'te  about  one's  field  of  expertise#  and  for  triat  matter 
most  real  wcrM  Knowledge#  Is  semantic  Knowledge#  l*e*#  timeless 
facts  that  do  not  rerer  to  personally  experienced  events*  Tulvinq 
(1972)  has  argued  that  there  Is  a  psychological  disLlnction 
between  episodic  and  semantic  Knowledge*  This  distinction  is 
supported  in  the  aging  literature)  it  appears  chat  semantic  memory 
is  unusually  resistant  to  age*  One  of  the  most  reliable  findings 
in  the  licerature  on  aging  and  psychometric  test  performance  is 


-64- 


Aging  and  Cognition 


that  vocabijiary  scores*  a  rough  measure  of  Knowledge  about 
language*  either  increase  or  remain  stable  until  oeyona  age  60 
(BotwinicK*  1^77),  Unfortunately  virtually  all  studies 
demonstrating  the  strength  of  semantic  Knowledge  over  the  life 
span  are  based  upon  studies  uf  the  semantic  Knowledge  embodied  In 
language*  Rut  what  about  information  about  non-i ingu i st I c 
relations  for  example*  principles  of  machinery  operation  or 
procedures*  In  particular*  what  about  the  ability  to  incorporate 
changing  information  about  principles*  something  that  occurs 
continually  as  technology  changes?  It  is  not  at  all  clear  that 
results  from  studies  of  the  retention  of  language  information  can 
be  extrapolated  to  situations  involving  memory  for  non- 1  I ngu I s 1 1 c 
information*  because  language  seems  to  hold  a  special  place  in 
memory*  even  at  the  neur oan atom i ca I  level  (Walsh*  197b)*  There 
appears  to  be  almost  no  information  on  this  important  practical 
quest  I  on  * 

A  great  many  of  the  results  on  the  relation  in  age  and  memory 
have  been  illustrated  in  a  single  stuoy  by  Lachman*  Lachman*  and 
Taylor  (19dli*  They  testea  memory  for  facts  in  midule  aged  and 
young  schoolteachers*  using  both  a  multiple  choice  and  an  open 
ended  ques t I ona I r r e  format*  The  older  teachers  were  either  equal 
or  Superior  to  the  younger  ones  regardless  of  type  of  format* 
Younger  subjects  were  superior  to  older  ones  on  memory  tests  that 
required  the  continuous  ma i nta i ne nee  of  information  in  worKinq 
memory  Tney  were  also  faster*  but  not  more  accurate*  In  either 
recalling  information  from  lon^  term  memory  or  drawing  inferences 
from  that  information*  Thus  the  Lachman  et  ai*  study  provides*  in 
one  report*  a  good  summary  of  many  other  studios  memory 
capaoilities  over  the  worKing  years*  Other  things  being  equal* 
oioer  people  recall  as  much  (or  more)  Information  than  younger 
people*  Youth's  superiority  appears  only  if  tnere  are  time 
pressures*  or  if  it  is  necessary  to  Keep  tracK  of  new  information 
for  a  brief  oerlod  of  time* 

Tne  results  from  studies  of  memory  tor  meaningful  information 
paint  an  encouraging  picture  for  any  employer  considering  the  use 
of  an  older  worK  force*  The  laboratory  picture  uf  jeficlencles  In 
learning  ana  memory  oeginning  in  tne  40s  almost  certainly 
overstate:*  tne  situation.  Tnoeear  tnere  ts  some  reason  to  believe 
that  older  personnel  would  be  superior  ir.  recalling  meaningful 
material*  providing  that  recall  was  required  in  a  situation  to  at 
did  not  contain  distractions*  and  tnat  did  not  place  time  pressure 
upon  r  e  spond I ng. 


9.  PKu3LF'<  SOLVING 


"Proulem  solving"  coulc  refer 
behavior*  following  a  distinction 


to  almost  any  v,0:*nitive 
that  is  based  more  on  logic 
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than  on  psychology#  problem  solving  is  usually  aiviaed  Into 
studies  of  deduciive  and  Inductive  reasoning*  In  deductive 
reasoning  one  oraus  conclusions  from  known  facts*  In  inductive 
reasoning  general  rules  are  abstracted  from  an  examination  of 
specific  cases*  These  definitions  are  content  free;  one  could 
classify  problems  as  inductive  or  deductive  regardless  of  whether 
they  dealt  with  fields  as  disparate  as  physics  ana  medicine*  From 
the  time  of  Aristotle#  people  who  think  aoout  thinking  have  hoped 
to  find  rules  that  describe  people's  thought#  regardless  of  the 
concent  of  the  problem  being  solved*  George  Boole's  classic  book 
on  binary  logic  was  titled  "The  Laws  of  Thought"*  More  recently# 
during  tne  196Us  there  was  a  spate  of  work  on  Bayesian  logic  as  a 
general  theory  of  human  inductive  reasoning* 

In  spite  of  these  historic  precedents#  the  search  for  a 
general  theory  of  human  problem  solving  may  be  uoomed  to  failure* 
Variations  in  the  content  of  problems  nave  been  shown  to  exert  a 
powerful  influence  on  problem  solving  (ilason  and  Johnson-La  ird# 
1972)*  Newell  and  Simon  11972)#  in  a  booK  that  nas  set  tne  ^ocus 
for  much  moaern  problem  solving  research#  state  unequivocally  that 
a  persun's  reasoning  will  be  powerfully  influenced  by  their 
experience  with  the  material  being  reasoned  about*  It  Is  prooaoly 
unreasonable  to  assume  that  there  is  a  general  "Psycho- I ogi c"*  and 
therefore  nardly  fruitful  bd  ask  how  logical  reasoning*  in 
general#  changes  with  age*  For  instance#  tne  difficulty  solving 
of  multiple  digit  addition  problems  is  directly  related  to  t^e 
demands  that  a  problem  puts  on  working  memory  for  the  storage  of 
intermediate  computations  (Hitch#  1978)*  Since  there  seems  to  be 
little#  If  any#  drop  in  the  storage  capacity  of  wotKlng  memory 
over  the  worwlng  years#  one  would  not  expect  to  see  a  drop  in 
accuracy  of  mental  arithmetic  with  age*  On  the  other  hand#  there 
is  an  age-related  reduction  in  the  speed  with  which  material  in 
working  memory  can  be  accessed*  To  make  things  still  more 
complicated#  the  extent  to  which  an  arithmetic  problem  makes 
oemands  on  Murking  memory  will  depend  on  the  algorithm  that  a 
person  use^  for  mental  aodition*  How#  then#  is  one  to  predict 
what  ai*e  effects  should  be  "in  general"#  without  knowin«  the 
I  na i V  I  do  a  1  '  s  approach  to  tht  problem  at  hand? 

even  tnough  inoivioual  problem  solving  strategies  can  alter 
the  attentional  demands  of  a  problem#  thinking  about  problem 
solving  as  a  jemard  ^or  mental  resources  does  provide  a  framework 
for  expecting  orderly  relations  between  age  and  performance  on 
complex  reasoning  tasks*  In  particular#  problem  solving  should  be 
more  oifficult  with  advanced  age  when  (a)  rapid  mental 
computations  are  reoulrec#  ih)  the  problem  makes  demanos  upon 
working  lin'mory  In  suen  a  way  that  the  memory  task  must  oe  executed 
as  a  "dual  task"#  coincidentally  witi.  otner  aspects  of  problem 
solving#  and  (c)  tne  effects  of  prior  learning  can  oe  disregaroed. 
The  last  point  is  important#  because  It  addresses  the  question  of 
how  efficiently  one's  mental  tools  are  used*  As  the  extent  o^ 
prior  learning  is  difficult  to  document#  most  psychological 
studies  have  tried  to  avoid  the  Issue#  oy  presenting  people  with 
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unfamiliar  problems*  The  argument  for  oolng  so  Is  that  the 
psychologist  wants  to  deteroiine  the  covariation  uetween  the  extent 
of  a  person's  mental  resources  and  the  effectiveness  of  their 
problem  solving^  without  having  to  worry  about  individual 
differences  in  experience.  While  this  is  a  reasonable  scientific 
goal#  It  limit's  the  generalization  of  laboratory  studies  to  field 
conditions*  In  the  field  problems  are  solved  by  people  who  have 
the  bacKground  to  solve  them* 

In  reviewing  the  field  we  snail  maintain  the  classic 
distinction  between  inductive  and  oeductive  reasoning*  In 
discussing  a  particular  type  of  problem  solving^  we  shall  use  the 
attention  deficit  hypothesis  as  a  device  for  organizing  the  data* 


INDLCTiVc  RtASQNING 


A  popular  method  of  studying  inductive  reasoning  is  the 
concept  identification  paradigm*  in  which  a  person  is  shown 
exemplars  ana  non-exemp i ar s  of  a  class  of  items*  and  askeo  to 
state  a  general  rule  for  class  membership*  The  items  used  are 
typically  meaningless  forms*  such  as  letter  strings  or  abstract 
geometric  designs*  Concept  identification  problems  are  described 
in  terms  of  the  Information  processing  characteristics  they 
present*  Tne  items  themselves  may  vary  In  the  attributes  that 
define  ther.i*  and  the  complexity  of  the  rule  defining  class 
membership  may  be  varied*  In  addition*  problems  may  be  cescribed 
in  terms  of  the  size  of  working  memory  required  to  nold  enough 
Information  to  define  an  answer  (Mont*  19g2)* 

orlnley*  JovIck*  and  McLaughlin  (197A)  observed  age  efrects 
in  a  concept  identification  study  using  letter  string  stimuli* 

Each  problem  consisted  or  the  presentation  of  three  letter 
strings*  eacn  labeled  with  either  a  or  a  '•-'•*  The  task  was  to 

define  tne  rule  used  to  assign  a  string  to  the  or 

category*  Tq  Illustrate*  one  of  the  problems  contained  the 
s  tr I ngs 

AB  a  b  + 

AB  b  - 
B  a 

Tne  rule  for  tnis  problem  Is  that  the  label  ”♦'*  is  assigned  to  all 
strings  containing  tne  symbol  "a”*  Problems  were  made  either  hard 
or  difficult  In  a  variety  ot  ways*  In  some  problems  ell  the 
strings  were  presented  togetner*  In  others  tne  strings  were 
presented  one  it  a  time*  In  other  cases  the  rule  for  assigning 
labels  was  more  complex*  Some  example  problems  are  shown  in 
Figure  36*  Small  but  statistically  relieble  drops  in  the  number 
of  problems  solved  were  found  throughout  the  age  range  from  20  to 
65». 
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Ihe  Brinley  et  al*  experiment  Is  typical  ot  a  large  number  of 
studies  of  concept  i  rient  I  f  I  cat  I  on  In  the  elderly.  The  other 
studies  Niil  not  be  revleMed*  because  they  all  concentrate  on  the 
contrast  oet^ieen  young  and  elderly  people.  The  results  of  these 
studies  are  consistent  Mitn  Brinley  et  al.  conclusion  that  there 
Is  a  decrement  In  inouctlve  reasoning  Mitn  age.  The  data 
presented  in  our  revieM  of  Psychometrics  also  indicates  that 
performance  on  inductive  reasoning  tests  aecreases  with  age. 

Although  concept  identification  studies  may  be  similar  to 
some  industrial  tasKs#  such  as  trouble  shooting  electric  circuits, 
they  are  certainly  not  representative  of  hOM  we  learn  "real  life" 
rules  tor  classifying  objects  into  trees,  people,  airplanes,  and 
Mhat  have  you.  Several  theories  of  hoM  this  does  occur  have  been 
proposeu  ( J ohnson-L ai r d  and  Wason.  1977).  and  none  of  them  Dear 
very  much  resemblance  to  models  of  concept  identification.  To  our 
KnoMleoge.  however,  studies  using  the  more  modern  models  of  now 
real  lire  categories  and  rules  are  formed  nave  not  penetrated  the 
liter dture  on  aging. 

DfcUUCIIVt  PrGdLtM  SntVlNG 

The  literature  on  deouctive  problem  solving  resemoles  that  on 
Inouctive  problem  solving  in  two  respects;  virtually  ail  studies 
contrast  young  and  old  subjects,  ana  they  generally  conclude  that 
oluer  subjects  show  reduceu  powers  or  oecuction.  out  that  there 
are  wiae  inuivioual  olfferences.  Arenberg  (1974)  reported  one  of 
tne  few  experiments  tnat  studieo  Inulviduals  of  intermediate  age 
ana.  unfortunately  for  our  purposes.  h|s  youngests  subjects  were 
In  tiieir  30s.  ana  tr.os  were  older  than  most  present  servicemen  and 
MOflien.  Tne  tasw  Arenberg  used  Is  of  Interest  because  It  was 
deslgneo  to  resenible  a  problem  In  trouble  snooting  faulty 
electrical  equipment.  The  problem  could  be  solved  by  deuucing  how 
the  lamps  must  be  connected,  given  observations  of  tne  sequences 
In  wnich  tney  coulu  oe  turned  on  ana  off.  Efficiency  was  measured 
by  tne  number  of  sequences  that  people  had  to  observe  before  they 
could  state  Che  conect  circuit.  Groups  of  middle  and  upper  class 
males  were  tested  twice,  with  an  intervening  period  of  several 
years.  Suujects  in  tneir  t^'lrtles  were  more  efficient  than  those 
in  tneir  sixties  (triere  were  further  declines  In  tne  7^s.  chat  are 
not  of  concern  here).  An  analysis  of  Inoividuai  steps  in  problem 
solving  snoweu  that  tne  decrease  in  effeclency  was  largely  due  to 
an  Increase  In  Che  number  of  non- inf ormat I ve  steps  taKen  while 
testing  solutions.  This  is  a  typical  finding  in  studies  of 
deuuctive  reasoning.  Having  rormed  a  hypotnesis.  people  senK 
Information  tnat  will  confiroi  the  hypotnesis  in  old  situations, 
rather  tiian  testing  It  In  ntw  situations  (Mynatt.  Doherty,  and 
Twetney.  1^77). 

Arenoer^’s  study  is  of  Interest  because  of  tne  face  validity 
or  the  tasK.  ana  because  ne  was  able  to  say  something  about  tne 
nature  of  the  age-relateu  change  in  problem  solving.  A  frequent 
comment  about  aging  is  that  people  become  more  cautious,  which 
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does  descrioe  tne  proolen  solving  behavior  of  Arenocrg's 
participants*  To  complete  the  picture*  Arenberg's  design  snould 
be  extended  to  studies  of  changes  in  problem  solving  behavior  over 
the  20-A0  age  range* 

We  earlier  raised  a  question  about  the  gener a l I zab i l i ty  of 
results  based  upon  laboratory  tasks*  pointing  out  that  Me  would 
expect  older*  more  experienced  individuals  to  do  uetter  on 
problems  that  Mere  meaningful  to  them*  This  does  not  mean  that 
making  a  problem  meaningful  will  necessarily  make  it  immune  to 
age-related  declines  in  performance.  Tmo  studies  nave  located  age 
differences  in  reasoning  with  familiar  material*  Friend  and  Zubek 
(19S8)  gave  the  Watson-Gi aser  Critical  Thinking  Appraisal  test  to 
a  sample  of  over  A50  people  of  widely  varying  ages  and  educational 
backgrounds*  This  test  presents  people  with  paragraphs  stating 
plausible  situations*  The  person  Is  then  asked  either  to  a) 
deter  ill  me  the  plausibility  cf  conclusions  drawn  from  the 
information  in  the  paragraph*  b)  to  recognize  the  assumptions 
bahino  the  arguments  presented*  c)  to  use  logic  ana  weigh  the 
evidence  for  different  conclusions  about  the  situation  described* 
or  o)  to  evaluate  tne  logical  coherence  of  an  argument  for  or 
against  a  proposition  statec  in  tne  text*  Friend  and  Zubek's 
results  are  shown  in  Figure  39*  Test  scores  increased  sharply 
from  adolescence  to  the  ?0*s*  peaked  In  the  20-40  interval*  and 
declined  from  the  4u*s  onward* 

1 f e  results  In  Figure  39  show  greater  age  effects  on 
reasoning  ability  than  Is  typically  found*  so  a  word  of  caution  is 
in  orcer*  The  Friend  and  Zubek  study*  though  large*  was  a 
crcss-sect I ona I  study*  As  such*  it  was  subject  to  a  confounding 
of  conort  and  age  effects  (see  Section  2)*  In  particular* 
improvement  in  educational  practices  in  Canada  (the  site  of  the 
Friena  and  Zubek  study)  over  the  period  192C-1955  could  have 
produced  a  cohort  effect  that  would  have  been  confounded  with  age 
effects. 

kfiend  and  Zubek's  results  conflict  with  those  of  Lacnman* 
Lachioan*  and  Taylor  (idbl)*  who  found  that  older  (&0s)  ano  younger 
subjects  had  virtually  an  equivalent  ability  to  recall  real  world 
facts*  Lachman  et  al*  went  on  to  ask  tneir  subjects  to  draw 
inferences  based  upon  tnese  facts*  Some  of  the  Inference  problems 
were  q>j|te  cifficult*  An  example  is 

"What  horror  story  character  would  starve  to  death  In 
Northern  Sweden  in  tne  Summer?" 

(Answer.  Oracula*  because  the  sun  never  sets*  The  respondent 
must  recall  facts  about  Oracula  ano  about  the  Arctic  Circle*  then 
draw  Inferences  from  those  facts.) 


Lachman  et  al*  found  no  differences  between  older  and  younger 
subjects  in  their  ability  to  or  aw  such  Inferences* 
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Mhile  Lachm<in  et  ai*  also  used  a  cross-sectional  design* 
their  subjects  Here  public  sciiool  teachers*  a  group  specl^icai*y 
chosen  for  study  because  the  requirements  for  entry  Into  this 
profession  had  not  cnanged  markedly  over  the  time  period  of 
Interest*  tachman  et  al.  hoped  that  this  Nouid  reduce  cohort 
effects  due  to  educational  differences*  Another  difference  is 
that  the  Lachman  et  al*  subjects  Mere  better  educated  than  the 
more  heterogeneous  group  studied  by  Friend  and  ZubeK*  Several 
authorities  have  claimed  that  people  Mho  are  more  cognitive 
cap^aole  as  young  adults  Mill  be  more  resistant  to  aging*  The 
topic  is  further  developed  in  Section  10* 


RfcASLNlNu  and  LANGDAGl  COrtPREHENS ION 


Compr enend ing  language  is  net  normally  thought  of  as  a  problem 
solving  task*  but  it  Is  one*  It  is  not  possible  to  understand 
normal  discourse  unless  one  draws  inferences  that  go  beyond  tne 
explicit  propositions  in  an  utterance*  Consider  the  statement 

"A  burning  cigarette  was  carelessly  discarded*  The  fire 
destroyed  thousands  of  acres  of  virgin  forest*" 

This  statement  contains  four  explicit  pr opus  1 1 i ons > 

Tne  cigarette  was  burning* 

The  cigarette  was  discaraed* 

The  fire  destroyed  thousands  of  acres  of  forest* 

Tne  forest  was  a  virgin  forest* 

In  auaition  tne  statement  contains  an  implicit  proposition* 

The  cigarette  started  a  fire* 

The  implicit  proposition  must  be  deduced  by  combining  explicit 
propositions  ana  real  world  knowledge*  For  brevity  we  shall  refer 
to  compr ehens i on  inferences.  Speakers  anu  writers  normally  assume 
that  listeners  and  reaaers  will  make  compr enens I  on  inferences. 
Indeeo*  It  lb  quite  hard  to  communicate  so  precisely  that 
compr efiens  1  on  Inferences  need  not  be  maue*  Because  these 
unconscioab  Inferences  are  so  Important  to  the  communication 
process*  any  weakness  in  or  awing  them  could  have  serious 
coriseqotncea  If  people  are  involved  in  situations  In  whicn  they 
have  to  unoe/stano  and  respono  to  verbal  or  written  messages.  For 
this  reason  a  report  of  a^e  related  weaKoess  In  comprehension 
inference  (Cohen*  IP81I  is  of  cons i der au I e  Interest*  Although 
tnis  stuoy  was  cased  on  a  contrast  between  young  (20s)  and  old 
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lb5*)  subjects*  it  will  be  uiscusseo  in  detail  because  of  Its 
I Kpl icat Ions* 

Cohen  had  old  and  young  people  read  several  texts  such  as  the 
one  in  the  "cigarette  and  forest"  illustration  just  given.  After 
ail  the  texts  had  been  presented  Cohen  tested  for  recall  of 
inpliclt  and  explicit  propositions.  Younger  suojects  recalled 
both  types  of  propositions  equally  well  (87t  accuracy  overall)* 
while  older  subjects  did  slightly  worse  on  recall  ot  explicit 
propositions  (81X)  and  much  worse  (58!t)  on  recall  of  Implicit 
propositions.  Cohen  pointed  that  in  normal  communication  a 
listener  will  simultaneously  be  involveu  in  compr enens i on 
inference*  based  on  propositions  already  presented*  and  In 
detecting  tne  propositions  underlying  tne  text  currently  being 
presented.  Thus  normal  speech  comprehension  can  be  looked  upon  as 
a  special  type  of  dual  task.  Reading  for  comprehension  should 
therefore  ot.  easier  tnan  listening*  because  a  reader  can  "turn  off 
”  the  current  input  while  completing  a  comprehension  inference* 
while  a  listener  cannot.  Conen  pointed  out  that  this  probably 
does  not  matter  for  young  people*  who  can  carry  out  comprehension 
inferences  fast  enough  to  keep  up  with  a  person  who  is  talking  at 
a  normal  cunversatlonai  rate.  This  might  not  be  the  case  for  the 
elderly*  because  of  tneir  slower  rate  of  mental  computation.  To 
test  this  hypothesis*  Cohen  hau  young  ana  olo  suojects  recall  the 
propositions  presented  In  eitner  written  or  spoken  text.  The  mode 
of  input  made  no  uifference  for  the  young  subjects.  The  older 
subjects  found  clearly  spoken  text  more  oifficult  to  comprehend* 
even  though  Cohen  took  pains  to  ensure  that  the  acoustic  signal 
was  strong  enough  so  that  the  comprehension  of  individual  words 
was  not  a  problem. 

Conen's  results  can  be  viewed  oS  an  inevitable  consequence  of 
the  Slowing  of  mental  processes  with  age.  If  this  is  true*  slowing 
is  having  a  consequence  on  a  very  important  function*  the  ability 
to  unoerstand  speech.  At  a  theoretical  level*  this  suggests  a 
revision  of  the  psychometrician’s  "Classic  aging  hypothesis"*  that 
as  we  age  verbal  abilities  are  retained  but  non-verbal  abilities 
drop  out.  Thu  evioence  for  the  classic  aging  hypothesis  was 
gathered  in  experiments  using  "verbal  comprehension"  tests  that 
often  old  not  oistinguish  between  understanding  for  implicit  and 
explicit  propositions.  Elsewhere  Cohen  (IV?*))  nas  argued  that 
these  tests  also  failed  to  examine  linguistic  situations  in  which 
the  spued  of  working  memory  processus  was  crucial.  An  example  is 
the  resolution  or  anaphoric  references*  u.g.  establishing  a 
reference  to  "she"  wnun  it  occurs  in  a  sentence.  Cohen  found 
age-related  peiformance  oeclts  In  resolving  anaphoric  references 
and  In  otner  attention  demanding  aspects  of  compr enens i on.  To  the 
extent  that  Cohen's  results  are  gener a  I i z aO I e*  psychologists  may 
be  forced  to  conciuoe  that  there  is  a  greater  drop  in  verbal 
comprehension  in  old  age  tnsn  was  previously  believed  to  occur. 

f'ore  information  is  needed  about  the  parameters  of  the 
phenomenon  Cohen  nas  reported.  We  need  to  know  what  the  relation 


Aging  and  Cognition 


Is  between  age  and  tn  extent  of  loss  of  coup  rehens i on  inference 
and  how  this  relation  is  affected  oy  other  characteristics  of  the 
individual  and  the  situation.  The  subjects  In  Cohen's  1981  study 
were  all  British  university  graduates.  In  her  1979  study  two 
educational  levels  were  considered  (university 
graduate-professional  vs.  British  Leaving  Certificate  levels^ 
roughly  equivalent  to  U.S.  technical  high  school  graduates)*  and 
markeo  effects  were  found  of  educational  level  as  well  as  age. 
Unfortunately  other  incomparabilities  between  the  two  groups  make 
it  inadvisable  to  consider  age  x  education  interactions.  Still 
more  important*  we  are  quite  without  any  oata  concerning  changes 
In  cofflpr enens i on  inference  in  the  20-60  range.  If  Cohen  is 
correct  in  assigning  the  deficit  in  comprehension  to  a  slowing  In 
the  rate  at  which  older  people  process  information*  then  drops  in 
comprehension  inference  should  begin  to  appear  during  the  working 
years.  The  drop  should  oe  greatest  whenever  comprenension 
inference  naa  to  take  place  in  a  oual  task  situation*  or  in  a 
situation  that  was  already  attention  demanding.  For  example*  if  a 
communication  were  to  be  received  over  a  noisy  channel*  such  as  a 
loudspeaker  in  an  airport*  comprehension  inference  should  suffer, 
we  alreaoy  know  that  as  people  age*  the  perception  of  individual 
words  in  noise  becomes  more  difficult.  Comprehension  inference 
might  be  even  more  sensitive  to  age  under  undesirable  conditions 
of  coiiiKiun  I  cat  i  on.  These  are  speculations  with  both  theoretical 
ana  practical  significance.  It  would  be  highly  desirable  to 
investigate  the  phenomena  reported  by  Cohen  in  considerably  more 
dete  i  I « 


summary 

Tne  data  on  age-relateo  changes  in  reasoning  and  complex 
problem  solving  are  unfortunately  sparse.  In  this  area*  even  more 
than  in  the  literature  on  aging  in  general*  investigators  have 
concentr  at^id  on  comparisons  between  "old"  and  "young"*  with  little 
attention  to  the  ^0  year  interval  between  20  and  60.  Those  studies 
that  have  e-een  done  of  people  in  their  working  years  suggest  that 
there  are  age  sensitive  changes  In  reasoning.  Furthermore*  tnese 
Changes  may  bear  a  sensible  relation  to  changes  In  more  elementary 
information  processing  capacities.  To  answer  this  question  we 
neeo  stuoies  in  which  adults  of  varying  ages  taka  part  both  In 
experiments  on  elementary  functions*  such  as  memory  and  motor 
decision  making*  and  in  experiments  on  inductive  ana  deductive 
problem  solving. 

Ti.e  report  of  a  urop  in  the  subtler  aspects  of  speech 
comprehension  with  age  is  extremely  interesting*  for  botn 
practical  and  theoretical  reasons.  Further  study  is  clearly  in 
order.  Apart  from  tne  study  of  speech  comprehension*  a  general 
criticism  cwn  be  leveled  against  the  research  that  has  been  done 
on  problem  solving.  Are  the  right  problems  being  studieo?  Why 
are  we  intercsteo  in  now  people  solve  novel*  made  up  problems* 
when  In  practice  ttiey  aeal  largely  with  the  sort  of  problem  they 
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have  been  trained  to  solve?  This  criticisa  can  also  be  made  of 
literature  on  aemory  and  aging*  The  criticism  is  amplified  upon 
In  the  next  section* 


10*  A  CRITICISM  OF  THE  LITtRATURE  ON 
LEARNING#  MtMORY#  AND  PROoLcM  SOLVIhG 

Over  cne  working  years  adults  gradually  “think  more  slowly*" 
The  loss  in  speed  of  mental  processing  is  continuous  throughout 
the  working  years*  An  individual  is  unlikely  to  notice  the  effect 
of  cognicive  slowing  until  the  late  AOs#  and  not  even  then  for 
some  tasks  and  people#  but  on  a  population  basis  effects  are 
probably  evident  by  the  AOs*  While  the  evidence  for  slowing  is 
clear#  the  evidence  for  a  drop  in  accuracy  In  mental  processes 
during  the  working  years  is  much  weaker*  Should  we  then  conclude 
that  people  are  progressively  less  cognitively  competent  as  they 
age? 


The  laboratory  data  are  inconclusive*  "It  depends  on  the 
tasK*"  If  the  tasK  requires  rapid  responding#  or  If  several 
sources  of  Information  must  oe  monitored  at  once  (thus  forcing  a 
person  to  deal  with  each  source  quickly)  older  people  probably  are 
less  efficient#  on  the  average*  If  rapid  responding  Is  not 
important#  tnen  age  Is  a  much  less  powerful  determinant  of 
performance.  Taken  at  face  value#  these  facts  about  laboratory 
performance  suggest  that  as  people  grow  older  they  should  he  given 
assignments  in  which  very  rapid  responding  (on  tne  order  of 
milllseconos)  is  not  required#  and  where  it  is  not  necessary  to 
monitor  several  sources  of  signals  simultaneously*  We  shall  now 
argue  th^t  extrapolations  from  the  laboratory  should  be  done  only 
with  caution#  because  of  an  important  limitation  both  on  the 
situations  studied  and  on  the  conceptual  thinking  that  lead  to 
their  development* 

The  ooint  has  repeateoly  been  made  that  tne  experimenfal 
literature  offers  no  way  to  allow  for  the  oenefits  of  experience. 
Virtually  all  adult  learning  ana  problem  solving  builds  upon  orlor 
kncwleu^e*  Any  reasonable  extrapolation  from  laboratory  to  field 
perforinance  must  take  this  into  account*  It  is  not  at  all  clear# 
tnou'jn#  just  now  experience  Is  to  be  taken  into  account*  In  order 
to  do  so  one  must  have  a  detailed  conceptualization  of  how  prior 
Knowleoge  influences  of  incorporation  of  new  information  into  our 
memories.  Simply  saying  “experience  counts"  is  not  enough. 

in  a  paper  tnat  tiaS  had  a  major  Inf  >nca  on  Cognitive  Science 
stuoies#  rtarvin  Minsky  (1975)  argued  for  tne  concept  of  "frames" 
of  Knowledge.  NinsKy  described  our  minds  as  being  composeo  of 
frames  that  descrioe  prototype  situations.  When  we  encounter  a  new 
situation#  we  decioe  wnat  frame  Is  appropriate  and  use  it  to 
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organize  newly  presented  Inforiaatlon*  To  repeat  a  frequently 
cited  example*  we  have  a  frame  for  "eating  out"*  and  our 
experience  with  any  one  restaurant  meal  must  oe  fit  Into  tnat 
frame*  Qther  authors  in  the  Cognitive  Science  field  have  used 
other  terminology*  such  as  "scripts"  (SchanK  and  Abelson*  19771  or 
"schemata"  (Rumeinart  and  Norman*  i97:>)  and*  to  be  fair  to 
psychologists*  the  basic  ideas  are  made  quite  specific  In 
Bartlett's  (generally  ignored)  analysis  of  thinking  (Bartlett* 
1956).  Tne  principle  Is  simple.  Virtually  any  complicated 
experience  is  to  be  dealt  with  by  a  rather  tightly  organized* 
special  purpose  set  of  problem  solving  routines  that  have  been 
created  as  a  result  of  our  own  personal  histories*  These  routines 
tell  us  HMat  to  notice  and  how  to  remember  it* 

The  importance  of  having  frames  appropriate  to  the  task  at 
hand  has  been  neatly  Illustrated  by  contrasts  of  the  behavior  of 
experts  and  novices  (BhasKar  and  Simon*  1977*  Cnase  and  Simon* 
1973;  Larkin  at  al**  1980*  The  fields  studied  have  ranged  from 
chess  to  physics  problem  solving*  Altnough  the  studies  within  any 
one  field  Lena  to  be  rather  weak*  they  all  converge  on  a  common 
conclusion*  A  good  problem  solver  in  a  specialty  field  is  a 
person  mu  has  learned  how  to  deal  with  the  problems  that  are 
encountered  in  that  field*  Tnat  techniques  nave  oeen  learned  to 
deal  with  obvious  problem  solving  situations*  such  as  the  standard 
openings  of  chess*  is  nardly  surprising*  (It  is  of  some  Interest 
to  fino  that  physicists  seem  to  have  "standard  openings"  to 
problem  analysis  that  are  in  many  ways  similar  to  the  chess 
master's  openings*)  Learned  frames  may  apply  at  tne  perceptual 
level  aS  well*  Chase  ano  H*  Simon  (1973)  have  shown  that  expert 
chess  players  remember  more  from  a  single  glance  at  a  board 
pusiti&n  than  do  novices*  Why?  Not  because  they  are  superior 
perceivers*  lor  experts  and  novices  are  equal  in  their  memory  for 
Illegal  arrangements  of  chess  pieces*  Experts  have  learned  how  to 
iooK  at  the  board*  and  how  to  see  patterns  of  attack  and  defense* 
Experts  in  a  fleid  may  be  partly  born*  but  they  are  very  largely 
made*  It  takes  time  (and  aging)  to  make  them* 

Eumelnart  and  Norman  (1981)  have  developed  tnis  theme*  using 
the  "frame  and  schema"  terminology  of  Cognitive  Science*  They 
claim  Chat  very  little  humar  aoult  learning  Is  properly  described 
oy  the  bit  ty  oJt  shaping  o1  stimulus-response  connections  that 
might  properly  describe  tne  way  a  dog  learns  tricks*  Even  less  of 
numan  learning  is  mirrored  by  the  learning  of  arbitrary 
connections  between  unrelated  words*  Instead*  Rumelhart  and 
Norman  maintain*  when  aoults  learn  they  learn  la)  tiow  to  modify 
tne  situations  in  which  complex  response  schemas  apply  and  ih) 
occasionally  they  learn  whole  new  schema*  If  Rumelhart  and  Normen 
are  correct*  tnen  perhaps  ol  tne  literature  on  human  learninc 

Is  simily  not  relevant  to  the  scrt  of  learning  that  adults  do  as 
they  maintain  their  competence  in  industrial  settings* 

Hescrloing  in  retail  the  Cognitive  Science  approach  to 
learning  would  carry  us  far  bcyono  the  scope  of  this  report*  The 
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concepts  of  the  field  are  Just  now  being  workeo  out*  Tndeeo*  to 
an  observer  of  the  fielo  they  are  In  a  dlsturoing  state  of  flux# 
and  It  is  difficult  to  aeterialne  unen  there  has  been  an  advance 
and  Mhen  cnere  nas  been  a  change  of  jargon.  Tnis  situation  may  oe 
inevitable  In  a  new  ^leld.  A  more  serious  issue  that  the  sort 
of  thinking  represented  by  the  Cognitive  Science  approach  has 
hardly  touched  researcn  on  aging.  (There  is  only  one#  fleeting 
reference  to  the  approach  in  the  American  Psychological 
Association's  collection  of  papers  "Aging  In  the  80's"  (Poon# 
1980)#  although  this  anthology  Is  supposed  to  represent  research 
at  the  leading  edge  of  the  field!).  Yet  it  Is  in  the  field  of 
human  adult  learning#  especially  In  Industrial  settings#  that  tne 
Coghitive  Science  view  is  most  likely  to  be  important. 

Although  Me  are  quite  without  uata#  we  suggest  that  the 
experimental  literature  presents  a  bleaker  view  or  the  3C-6!> 
period  than  Is  garranted.  As  people  groM  older  they  acquire 
experience.  In  particular#  they  acquire  experience  about  their 
Jobs.  The  importance  of  learning  In  industrial  settings  has  been 
oe-emphas i zed  In  research  on  aging#  because  most  of  such  research 
has  been  targeted  toward  unoer stanai ng  the  problems  of  people  in 
the  post-retirement  years*  For  rather  different  reasons#  'earning 
baseo  on  prior  knowleoge  is  not  a  topic  easily  studied  using 
twenty  year  olo  college  students.  One  cannot  gain  a  picture  of 
the  mental  capacities  of  AO  year  olds  without  consioering  botn  age 
effects  and  learning  effects.  Although  people  undoubtedly  are 
"thinking  mure  slowly"  as  they  move  through  the  3Us#  AOs#  and  50s# 
they  are  also  thlOKlng  more  efficiently  about  the  things  they 
know.  Under  tne  age  of  60#  older  drivers  have  better  accident 
records.  Older  pilots  fly  our  airlines#  and  regularly  make  split 
second  decisions  that  protect  the  lives  of  hundreds  of  people. 
Older  lawyers  defeat  younwer  ones  in  courtrooms  every  day*  Why? 
Because  the  more  experienced  individuals  already  have  their 
frames.  The  younger  ones  may  be  quicker#  but  their  frames  for 
responcing  are  not  yet  built. 

On  the  other  hand#  frames  do  not  always  fit  and  technologies 
do  Change.  At  some  point#  probaoiy  not  far  from  30#  we  may  reach 
our  peaks  as  physical  systems*  As  Information  processing  systems# 
we  peak  later#  proviolng  that  we  keep  our  frames  current. 
Eventually  physical  deterioration  will  overwhelm  us#  but  this  may 
take  a  lonu  time.  The  first  challenge  for  psychologists  is  to 
develop  a  theory  with  which  to  conceptualize  tne  age-experience 
tradeoff.  tn  orderly  experimental  program  cannot  be  developed 
until  this  is  done . 
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11.  INDIVIDUAL  DlFFtRLNCES 

Throughout  the  Morking  years  people  become  increasingly  more 
different  from  each  other  In  almost  every  aspect  of  cognitive 
performance.  To  appreciate  the  size  of  tne  change*  the  reader 
might  glance  back  at  Figure  3*  which  shows  the  distribution  of 
scores  on  the  Raven  Natrix  intelligence  test  as  a  function  of  age 
(Heron  ano  Chown*  146A)*  ana  at  Figure  24*  which  presents  similar 
data  fcr  speed  of  response  selection  (Rober tson-Tcnabo  ano 
Arenberg*  1976).  Although  response  selection  and  non-verbal 
reasoning  are  quite  olfferent  cognitive  benaviors*  the 
distributions  shown  in  the  two  figures  are  similar.  The  mean  score 
on  each  performance  measure  decreases  with  age*  and  the  average 
deviation  from  the  mean  increases.  In  every  age  group  below  70 
tne  number  of  people  exhibiting  high  levels  of  performance  remains 
constant.  The  number  of  people  exhibiting  poor  performance 
I ncreases  w I th  age. 

Why  should  individual  differences  increase  with  age?  One 
reason  is  simply  that  increasing  age  brings  with  it  an  increasing 
disparity  in  life  experience.  Eighteen  year  olds  in  our  society 
all  share  a  single  pervasive  experience*  a  reasonably  uniform 
school  system.  By  the  time  the  same  people  are  in  their  forties 
they  will  nave  naa  years  of  experience  in  different  IKe 
situations.  This  surely  must  be  a  major  contributor  to  inolvidual 
differences  In  mature  adults.  There  are  also  some  variables  that 
appear  to  exert  a  pervasive  effect  on  adutt  cognition.  Three  will 
be  discussed  here*  level  of  original  ability*  general  nealth*  and 
exposure  to  toxic  substances*  including  diet  ana  orug  habits. 

There  are  obviously  many  other  special  influences  that  contribute 
to  inuividual  differences  in  a  population  or  older  people*  such  as 
ocurrences  of  brain  damage  cue  to  accident  or  infection.  Such 
special  causes  are  not  not  individually  widespread  enough  to 
warrant  extended  discussion.  In  addition*  there  are  genetically 
inherited  (or  genetically  sensitive)  diseases  that  influence 
cognition*  such  as  Alzheimer's  disease  ano  Huntington's  chorea* 
whose  symptoms  appear  only  in  people  past  thirty.  These 
pathologies  are  uf  consioerable  medical  interest*  but  are 
relatively  rare. 


INITIAL  LEV'LL  OF  ABILITY 

The  term  "initial  ability"  will  oe  used  to  refer  to 
per  f  or  IT  aiice  on  conventional  psychometric  tests  of  intelligence* 
taken  during  or  shortly  after  a  person's  school  years.  No  stand 
wilt  oe  taken  as  to  whether  these  are  predominantly  genetically  or 
environmentally  determined.  Rather*  we  take  the  pragmatic  view 
that  the  scores  themselves  are  a  fact*  and  asit  what  sort  of 
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statisticai  predictions  can  be  ftade  about  adult  perforaance  given 
knoMleoge  the  fact. 

Before  World  war  T  it  uas  widely  believed  that  people  who 
showed  unusual  talents  as  youths  were  IlKely  to  oe  unhealthy  and 
neurotic  as  they  natured.  In  the  19^0s>  Lewis  Ternan  and  his 
colleagues  Initiated  a  longitudinal  study  of  gifted  children 
demonstrating  that  the  opposite  Is  true.  Terman's  participants# 
who  generally  had  intelligence  test  scores  above  140#  had 
exceptional  success  throughout  adult  life.  Their  scores  on 
(predominantly  verbal)  intelligence  tests  were  consistent  and  even 
increased  (Kangas  and  Bradway#  1971#  Ternan  and  Qden#  1947). 

While  the  logic  of  Terman's  design  has  been  criticized  on  a  number 
of  points#  mostly  concerning  the  lacK  of  a  control  group#  the 
adult  lives  of  his  gifted  group  were  so  far  aoove  the  norm  that 
the  major  conclusion  cannot  be  seriously  ouestioneo.  Other 
studies  of  people  of  above  average  mental  ability  (although 
usually  not  so  superior  as  Terman's  subjects)  nave  confirired 
Terman's  findings  (hayley  and  Oden#  1955;  NIsbet#  1957#  Owens# 

1953#  19o6).  Such  Indiviouals  show  stable  or  improved  performance 
levels  uver  the  working  years.  It  should  oe  noted*  though#  thst 
most  of  the  tests  used  In  the  studies  cited  have  been  nesvily 
weighted  toward  verbal  performance. 

A  rather  different  picture  is  obtained  when  one  examines 
longituoinal  studies  that  include  cases  from  the  average  and  below 
average  Intelligence  and  SociO'-economl  c  status  (ScS)  ranges. 
Tuddenham#  B I  umenhr  antz#  and  Wilkin  (l9t>P)  gave  tne  Army  General 
Classification  Test  to  a  group  of  servicemen  wno  were  retiring 
from  the  Army  after  20  years  service.  The  resulting  scores  were 
compared  to  the  veterans'  entrance  scores.  Tuddenham  etal.'s 
sample  consisted  mainly  of  petty  officers  and  sergeants.  The 
distrihution  of  test  scores  at  time  of  original  enlistment 
indicated  that  they  were  representative  of  what  would  now  be 
classified  Mental  Categories  11  and  III  —  the  groups  that  are 
considered  to  be  desirable  for  enlistment  (Cooper#  1977).  The 
aGCT  consists  of  four  parts!  a  verbal  test#  a  spatial  performance 
test#  an  arlthmentic  computation  test#  and  a  reasoning  test. 
Tuodenham  et  al.  found  decline  on  ail  four  tests#  with  the  largest 
decline  (.25  standard  deviation  units)  on  the  spatial  performance 
test.  Tnis  decline  was  the  only  one  that  was  statistically 
reliable.  The  verbal  test  showed  tne  least  decline  (.1  standard 
deviation  units).  Considering  the  fact  that  all  subtests  showed  a 
small  oecline  In  an  age  Interval  when  other  longitudinal  studies 
generally  find  some  increment#  the  presence  of  small  declines  In 
this  population  seems  likely.  Tne  Tudaenham  et  al.  stuay  Is  the 
only  one  to  report  a  longitudinal  decline  In  Intelligence  from  the 
20's  to  tne  40's.  Tne  pattern  of  the  small  declines  was 
consistent  with  the  classic  aging  pattern. 

In  Section  3  we  briefly  described  t)ie  elegantly  designed 
combineo  cross-sectional  and  longitudinal  sample  constructed  by 
Schaie  and  his  co-workers.  Scheie's  sample  was  drawn  from  a  large 
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group  health  cooperative^  and  can  be  considerea  to  be  intermediate 
between  tne  college-trained#  upper  middle  class  and  gifted 
populations  studied  by  Terman  and  his  followers#  and  the  military 
group  studied  by  Tuddenham  and  associates.  Hertzog  il979) 
conducted  a  detailed  reanaiysis  of  Schaie*s  data#  using 
multivariate  statistical  techniques  that  were  not  available  when 
the  data  was  collected.  He  formed  a  general  Intelligence  factor 
(6)  from  tne  Thurstone  Primary  Mental  Abilities  (PMA)  subtests# 
and  used  a  longitudinal  factor  analysis  to  examine  the  consistency 
of  individual  differences  over  three  test  occasions  114  years  of 
longitudinal  aging).  Individual  differences  In  6  were 
surprisingly  constant  over  the  worwlng  years#  with  correlations  of 
.9  or  greater  between  occasions.  Tnere  was  also  an  increase  In  G 
variance#  beginning  in  middle  age  and  becoming  more  pronounced 
past  60.  This  is  consistent  with  the  proposition  that  there  is  a 
"fanning”  of  scores  over  age}  people  at  the  higher  levels 
maintaining  or  even  increasing  their  scores#  wnlle  people  at  lower 
levels  showing  continually  decreased  performance.  It  should  be 
noted#  though#  that  there  are  other  effects  that  could  have  given 
rise  to  Hertzog's  observations  (e.g.#  interactions  of  practice 
effects  with  initial  ability  levels).  Consistent  with  Schaie's 
observations  of  the  raw  PMA  scores#  Hertzog's  analysis  found  no 
longitudinal  decrease  in  mean  scores  on  G  over  tne  working  years. 
Age  group  means  increased  longitudinally  through  the  20s  and  were 
constant  until  about  age  55.  The  increases  in  variance  about  this 
pattern  of  means  suggests  that  some#  but  not  all  of  the  40  to  60 
year  olo  participants  were  declining  in  intelligence  —  while  the 
high  correlations  between  occasions  indicated  that  those 
Individuals  who  were  declining  were  predominately  from  the  lower 
leveis  of  Initial  ability. 

Taken  all  together#  these  studies  present  a  surprisingly 
consistent  result.  The  pattern  of  change  In  cognitive  performance 
varies  with  the  initial  characteristics  of  the  sample.  Studies  of 
peopie  of  high  initial  ability#  and  generally  high  SES#  (Terman# 
Bayiey  and  Oden#  Nisbet#  ana  Owen  studies)  show  constancy  or 
improvement  over  the  working  years.  Schaie's  study#  which  dealt 
with  people  reasonably  representative  of  the  more  stable  elements 
of  the  Seattle  area  (I.e.  people  who  remained  affiliated  with  the 
same  ntalth  ma i nt a  I ne nc e  organization  for  fifteen  years)  showed 
constancy.  Tudoenham  et  al.'s  study  of  20-year  retirees  from  the 
military  indicated  a  small  decline.  Note  that  there  are  no 
studies  tnat  have  followed  a  below  average  population  comparable 
to  Mental  Category  IV.  The  results  from  otncr  ability  level 
groups  raise  the  possibility  that  the  lower  ability  individuals 
would  show  the  greatest  age-related  oeclines  during  the  working 
year  s. 

L  oHi#  i  tud  I  na  I  studies  of  aging  have  a  heavy  bias  toward 
studying  the  stable#  relatively  prosperous  elements  of  our 
society.  It  appears  that  such  a  bias  would  leau  one  to 
unoer est  Imate  the  size  and  perhaps  the  nature  of  decrements  In 
Intelligence  test  performance#  especially  at  tne  lower  ends  of  the 
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scale*  Given  the  char acter  ist I cs  of  Che  current  military  force# 
which  appears  to  be  increasingly  biased  toward  recruitment  of 
personnel  in  Armeo  Forces  Qualification  Test  categories  III  and 
IV#  it  woulo  be  Highly  advisable  to  obtain  more  information  about 
cognitive  change  with  age  in  populations  with  Initially  low  test 
scores*  More  is  needed  than  simple  observation#  we  need  to  know 
wny  the  decline  occurs*  For  instance#  "disuse  of  cognitive 
skills'*  has  been  proposed  as  one  explanation*  Individuals  of 
higher  Initial  ability  are  thought  to  occupy  positions  In  society 
that  lead  to  their  continued  use  of  problem  solving  skills#  while 
individuals  of  lower  ability  may  not  exercise  skills  similar  to 
test  taking  skills  in  everyday  life  (Blum  and  Jarvik#  1974).  If 
this  IS  the  case#  and  if  the  lowered  test  scores  for  "low  scoring 
adults"  do  not  reflect  their  on-the-Job  performance  (broadly 
evaluated)#  then  there  is  little  cause  for  concern*  On  the  other 
hand#  it  the  lowered  test  scores  reflect  the  influence  of  life 
style  variables  (health  habits#  drug  use#  responses  to  stress# 
etc*)  tnat  are  actually  producing  sub-clinical  brain  damage#  then 
concern  wouid  be  warranted* 


GtNtKAL  HEALTH  STATUS 


Health  factors  Interact  with  aging  and  cognition  more 
strongly  than  is  generally  realized  (Eisdorfer  and  Wilkie#  1977). 
Consloer  speed  of  response  selection  (CRT)#  whicn  we  have 
previously  shown  to  be  sensitive  to  age*  One  of  the  consistent 
findings  in  the  gerontological  literature  is  that  poor  health 
produces  greater  slowing  of  CRT  than  is  found  in  samples  of 
healthy  older  individuals  (GIrren#  196&}  BIrren#  Woods#  and 
williams#  I960;  blsdorfer  and  Wilkie#  1977)* 

Choice  reaction  time  is  particularly  sensitive  to 
cardiovascular  disease#  a  class  of  physiological  pathologies  that 
generally  increase  in  frequency  witn  age#  but  are  also  correlated 
with  a  perscn's  choice  of  life  style.  In  the  extreme# 
hypertension  can  lead  to  stroke#  whicn  is  obviously  not  good  for 
cognition.  Much  finer  effects  can  also  be  shown*  Spieth  (1963) 
studied  tne  effects  of  hypertension  and  other  cardiovascular 
diseases  on  a  group  of  pilots  (military  and  civilian)  and  air 
traffic  Controllers.  He  gave  a  battery  of  psychological  tasks  at 
the  time  of  the  annual  medical  certification*  Men  between  ages  33 
and  39  participated  in  the  study*  As  would  be  expected#  most  of 
these  inoividuals  (33d  out  of  473)  were  found  to  be  in  excellent 
health.  Others#  however#  were  oi anosed  as  having  milnor  to  severe 
c ar o I ov ascul ar  disease#  Including  hypertension#  arteriosclerosis# 
coronary  neart  disease#  and  cerebrovascular  disease*  Spieth's 
psycnot ogi cal  measures  Included  a  10  choice  RT  task#  the  WAIS 
Oigit  Symbol  Suostitution  and  Block  Design  subtests#  the  Halstead 
Tactual  Performance  Test#  and  the  Reitan  Trail  Making  Test* 

Figure  40  snows  (.he  distribution  of  pilots  and  traffic  controllers 
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Figure  40.  Speed  of  choice  reaction  as  a  function  of  age  and 
cardiovascular  status.  Data  from  pilots.  Hyper¬ 
tension  is  at  low  clinical  level.  (Spieth,  1965). 


Figure  41.  Reaction  time  as  a  function  of  age  and  physical  activity 
(racket  sports,  runners,  inactive.  Young  -  20s,  Old  -  5 
(Spirduso,  1980). 
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on  a  conposlte  speed  measure  (constructeo  from  tne  RT  task*  tne 
Digit  Symbol  Substitution  test#  and  the  Trail  Makln,*  Test).  Note 
that#  In  general#  individuals  with  evidence  of  vascular  disease 
(Mith  the  exception  or  medicated  hypertensives)  score  lower  on  the 
speed  measure  than  healthy  individuals*  The  means  suggest  that 
the  effect  Is  additive  with  age*  However#  note  tnat  the  range  of 
scores  for  the  diseased  individuals  Increases  dramatically  from 
age  AO  to  bO#  such  that  some  diseased  individuals  are  markedly 
slower  than  their  healthy  counterparts*  This  finding  probably 
reflects  the  fact  that  there  are  Individual  differences  in  the 
severity  of  disease#  and  consequently#  disease  effects*  Spieth's 
data  therefore  suggest  that  cardiovascular  pathology  exacerbates 
any  normative  slowing  in  cognitive  performance  seen  over  the 
working  years* 

One  Should  not  misinterpret  Spieth's  findings  about  little 
deficit  in  medicateo  hypertensives  —  tneir  relatively  good 
performance  mignt  have  been  specific  to  a  mild  form  of  "essential" 
or  benign  hypertension*  Light  (l')76)  has  reported  data  which 
indicate  that  medicated  renal  hypertensives  (hypertension 
secondary  to  kidney  dysfunction)  show  evidence  of  RT  slowing 
during  middle  age*  The  cardiovascular  effects  may  also  be 
observed  in  a  slightly  more  select  subpopulation  than  that  studied 
by  Spieth*  Szafran  (196b)  founo  small#  positive  correlations  (  r 
aocut  »25)  between  good  cardiovascular  functioning  and  choice 
reaction  speed  in  a  sample  of  commercial  pilots*  Although  the 
size  of  this  effect  is  small#  it  Is  important  because  Szafran's 
middle  aged  pilots  were  much  healthier  than  the  general 
population*  One  would  expect  to  find  larger  effects  In  a  study  of 
a  mere  representative  population* 

The  same  point  has  been  made  in  a  different  way  by  Spirduso's 
(i9b0)  study  of  reaction  time  in  people  who  do  or  do  not 
participate  in  athletics#  an  activity  which  markedly  improves 
cardiovascular  status*  Figure  41  presents  reaction  time  as  a 
function  of  age  (2G  vs*  30)  and  participation  in  sports  (inactive# 
running#  racquet  sports)*  The  figure  certainly  supports  the 
maxim#  "a  sound  mind  in  a  sound  body*"  While  studies  such  as  tnis 
can  be  faulted  for  not  controlling  for  selection  effects#  one 
still  hds  to  be  Impressed  with  the  fact  that  the  ac t 1 ve- I nac t I ve 
contrast  Is  what  one  would  expect  by  simply  extrapolating  Soleth's 
ana  Szafran's  results  to  a  more  heterogenous  population* 

These  results  offer  a  good  deal  of  encouragement  for  tne 
future*  Epidemiological  trends  indicate  a  slight  decrease  of 
hypter tens  I  on  in  tnt  general  population  (Stallones#  1980)*  More 
generally#  hypertension  is  a  disease  that  yields  to  an 
Indivioual's  Choice  of  dietary  habits  (including  smoking)  and 
llesore  time  activity*  A  change  in  personal  habits  could  provide 
substantial  protection  against  biological  deterioration  that  would 
affect  mental  functioning*  Tne  results  of  the  Spieth  ana  Szafran 
studies  suggest  that  medical  screening  or  the  type  used  for  pilots 
ano  air  traffic  controllers  would  be  useful  in  Indicating  those 
inoividuals  at  risk  for  poor  work  per r or mance  because  of  disease 
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effects . 


General  exposure  to  toxic  environments 


The  literature  contains  several  studies  indicating  that 
exposure  to  toxic  substances  In  the  enviromient  may  influence 
cognitive  functioning.  The  nature  of  the  damage  suggests  that 
subciinical  brain  damage  may  have  occurred#  tor  tne  tests  that 
reveal  environmental  exposure  effects  are  generally  those  used  in 
the  analysis  of  the  behavioral  effects  of  known  brair^  dairage. 
Atmospheric  lead  is  a  gooo  example.  It  has  been  snown  to  be 
aasociatej  with  reduced  performance  of  nonverbal  reasonim  in 
industrial  worxera  (Valciukas*  LMls#  Eischheln.  ana  SellKoff# 

Leaa  has  also  oeen  implicated  as  a  possible  causal  agent  in 
oehavior  disoroers  in  cniloren  (Phil  and  Parkes#  1^77).  In 
^cctlori  ^  wfc  presented  eviuence  indicating  that  exposure  to 
unusual  noise  can  cause  markea  reduction  in  hearing#  w  i  t n  a 
possible  concomitant  change  in  cognitive  capacity  (due  tr  the 
increased  uttentlonal  effort  reoulrea  in  verbal  comprehension). 
Euch  effects  are  best  considered  on  a  case  by  case  basis# 
coincident  with  tne  examination  of  specific  env i r onments#  ratner 
than  as  part  of  tne  general  topic  of  cognitive  ctianje  witn  age. 

Tne  results  are  cited  to  illustrate  a  possible  source  of 
liicividual  differences  in  adult  cognition. 


hietary  Influences  are  somwhat  more  pervasive.  Huniens  are 
remarkably  Immune  to  lonj  term  effects  from  short  term  cletary 
neficicneids#  even  to  fhe  point  of  near  starvation  (Stein  et  al. 
1^7^),  I  I e  prolonged  Infant  malnutrition  may  have  serious 

consequences#  whdtever  these  might  ce  snoulu  be  accomplisned  ^act 
by  youn;^  diultboou.  Thus  we  oo  not  to  ink  that  malnutrition#  per 
30#  IS  <1  serious  influence  on  cognitive  performance  during  the 
life  ut  a  working  serviceman. 


how  on  adult’s  choice  of  an  aoequate  diet  ml^nt  affect 
cognition  Is  a  matter  o’  some  debate.  4  number  of  our  ncriral  food 
iterrs#  such  as  coffee,  can  be  shown  to  nave  measurable  short  term 
effects  on  cognition.  Indeed#  coffee  (ano  to  a  lesser  extent, 
some  soft  crinks)  are  taken  explicitly  for  tneir  psychoactIve 
effects.  Somewhat  surprisingly#  we  ^now  of  no  studies  of  the  long 
term  effects  of  dietary  stimulants  upon  cognition  in  adults.  '’ore 
recently,  attention  ras  been  called  to  the  potentially  toxic 
cflects  of  substances  aaaea  to  foods  as  preservatives  or  coloring 
agents.  Research  to  date  has  focussed  on  potential  clinical 
effects  in  cniloren  (e.g.  Swanson  ano  KInshourne#  Weiss  et 

al.#  iwbo).  Tne  serious  suggestion  has  been  maoe  that  long  term 
osycnoactivt  effects  of  food  adoltives  may  carr#  over  Into  adult 
life  (ki.iiland  and  Larson#  isdO).  Ngnspec  i  a  I  i  s  t  s  tenu  to  dismiss 
suen  concerns  as  "food  fads".  We  would  aovise  an  i n t e r me o I  a h e 
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position*  While  the  evidence  gathered  to  data  is  not  sufficient 
to  Marrant  any  action*  ue  would  not  find  it  surprising  if 
subsequent  research  did  show  that  some  of  tne  individual 
differences  in  intellectual  change  In  adult  life  are  associated 
with  heavy  use  of  chemically  treated  foods* 

Much  the  same  thing  that  can  be  said  about  foods  can  also  be 
said  about  the  use  of  prescription  and  non-prescription 
medication*  Drugs  that  are  either  explicitly  psychoactive*  as  in 
the  case  of  tranquilizers*  and  drugs  that  have  suostantial 
psychoactive  side  effects*  such  as  the  various  anti-hypertensive 
agents*  are  being  used  more  and  more  widely  in  medical  practice* 
Use  becomes  progressively  more  prevalent  as  people  grow  older*  We 
Ignore  the  topic  solely  because  there  Is  little  data  on  long  term 
use  of  psychoactive  drugs  in  medical  practice*  While  the  lack  of 
such  oata  is*  in  our  opinion*  a  serious  deficiency  in  the  public 
Health  literature*  it  is  a  problem  of  general  concern  to  society 
rather  than  one  that  is  specific  to  the  Armed  Services. 


ALCCHLL  AND  bkUu  ABUSE 


Alcohol  use  In  the  military  is  at  least  as  prevalent  as  In 
civilian  society.  According  to  Capt*  Stuart  Brownell*  USN*  the 
director  of  the  Navy  alcoholism  treatment  program* 

"about  17X  of  our  total  force  is  afflicted  by  very  serious 
problem  drinking  and  nearly  lOt  appear  to  be  chronic  problem 
drinkers  in  need  of  Immediate  help*" 

captain  Brownell's  remarks  were  made  in  a  press  release 
commenting  upon  a  1980  Navy  self-report  survey  of  alcohol  and  drug 
abuse*  The  same  survey  indicated  that  reported  problems  of 
chronic  alcoholism  were  concentrated  In  personnel  over  3b*  While 
this  somewhat  contradicts  the  opinions  of  medical  officers  with 
whom  we  have  discussed  the  problem*  we  maKe  no  attempt  to  resolve 
the  issue.  The  point  that  is  relevant  here  is  that  widespread  use 
of  alcohol  may  Indeed  oe  a  significant  source  of  individual 
differences  In  cognitive  competence  in  the  services*  It  Is  well 
known  that  prolonged*  excessive  use  of  alconoi  can  lead  to  virtual 
mental  incompetence*  incluoing  incapacitating  memory  disorders 
(Kor saKotf 's  syndrome)  and  a  variety  of  dementias  (Parsons  and 
Pignatano*  1977)*  What  is  less  well  known  is  that  there  are 
cnronio  and  pernaps  irreversible  effects  of  alconoi  abuse  upon 
cognition  In  people  wno  are  well  short  of  permanent  commitment  to 
a  mental  hospital*  fhe  chronic  effects  of  alcohol  are  relevant 
to  tne  evaluation  of  changes  in  mental  competence  with  age* 
because*  as  a  rough  guloe*  continueo  alcohol  abuse  appears  to 
mlaic  ana  exacerbate  age  effects  on  cognition* 

Nost  of  tne  literature  deals  with  cognition  In  "the 
alcoholic."  While  many  oefinitlons  of  "alcoholics"  have  been 
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offered/  most  research  work  has  used  the  pragmatic  definition  that 
an  alcoholic  Is  a  person  oho  has  been  committed  to  an  alcoholic 
treatment  program/  on  either  a  voluntary  or  involuntary  basis. 

Note  that  this  Is  a  aefinition  by  benavior/  rather  than  by  the 
amount  of  exposure  to  the  drug. 

Mental  test  performance  deficits  have  been  found  as  much  as 
one  year  following  release  from  alcohol  treatment  programs  (Long 
and  HcLachian/  197«»j  Hlll»  keyes/  Mikhail/  and  Ayre/  1979f  Scnau/ 
0*Leary/  and  Chang/  in  press).  Although  alcoholics  are  not  less 
intelligent  than  normal  subjects  overall/  they  seem  to  perform 
less  well  on  the  performance  scales  of  the  WAIS.  They  also  appear 
to  perform  less  well  on  neuropsychological  tests  intended  to 
measure  brain  uamage  (Parsons  and  Farr/  in  ptess).  The  general 
picture/  then/  is  similar  to  that  found  in  the  classic  aging 
pattern.  Verbal  function  remains  while  nonveroal  functioning  anu 
abstract  reasoning  performance  orops.  A  catchy  way  of  summari^inq 
the  behavioral  findings  Is  to  think  of  an  alcoholic  as  a  hO  year 
old  who  was  born  AO  years  agol  Prior  to  age  AO  the  effects  of 
aiconoiism  are  reauced.  It  is  not  clear  whetner  tnis  Is  because 
the  younger  alconollc  has  hao  less  time  to  drink  or  the  oloer 
alconollc  is  more  sensitive  to  the  arug.  Both  statements  could  be 
true. 


Tne  conclusion  tnat  alcoholism  leads  to  brain  damage  was 
originally  maoe  based  on  oehavloral  testing.  The  development  of 
new  physiological  measurements  has  provided  evidence  leading  to 
the  same  conclusion.  Beglelter/  Porjesz/  and  Chou  (1981)  report 
that  brain  stem  evoked  potentials  are  slower  In  alcoholics/  which 
is  consistent  with  reports  of  slowed  psychomotor  functioning. 
Tomographic  studies  of  alcoholics  In  the  30-b0  age  range  indicate 
that  there  Is  about  a  503!  Increase  in  tne  Incidence  of  signs  of 
neural  atrophy  after  ten  years  or  more  of  abusive  orinklng.  The 
comparable  figure  for  control  subjects  Is  at  most  ZOf,  (Bergman/ 
Borg/  HIndmarsh/  Idestrom/  and  MutzeM/  1960a/b;  Carlen  and 
wllklnsuh/  1960/  kon/  Acker/  and  Lis h man/  1979). 

To  what  extent  Is  the  damage  Induced  by  alcoholism  reversible 
by  sobriety?  Vernal  skMIs  are  deficient  Immediately  after 
intoxication/  but  seem  to  recover  over  a  period  of  uays  or  weeks 
(Goldman  and  Rosenttaum/  1970.  As  one  woulo  expect/  performance 
on  abstract  reasoning  and  perceptual-motor  skills/  tne  cognitive 
furictions  that  are  indicators  of  brain  damage/  may  not  recover  for 
montns  if  at  all  (Kish/  Hagan/  Woody/  and  H a r v e y / 1980 ) .  These 
results  are  typical  of  others  in  the  literature.  However/  It 
should  be  noted  tnat  the  data  is  largely  based  on  studies  nf 
alcoholics  in  their  Aus.  There  Is  some  indication  that 
reversibility  Is  possible  fer  younger  alcoholics.  As  the  services 
have  trie  opportunity  of  offering  treatment  to  alcoholics  at  a 
sumewnat  younger  age  tnan  treatment  is  usually  offered/  and 
because  tne  reversibility  issue  Is  relevant  in  decisions 
concerning  the  retention  of  treated  alcoholics/  further  research 
on  r e ve r s  i  b  I  I  I ty  in  younger  alcoholics  would  be  In  order. 
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About  tKO  thirds  of  the  U*S«  population  uses  alcohol 
(National  Institute  on  Drug  Abuse#  1977)/  while  at  most  lOX  could 
be  considered  alcoholics*  The  magnitude  of  cnronic  cognitive 
effects  of  social  drinking  is  harder  to  determine  than  the  effect 
of  alcohlisn/  simply  because  exposure  to  the  toxic  agent  is  not  so 
great*  On  the  other  hand#  small  effects  of  social  drinking  are 
important  because  of  the  prevalence  of  the  haoit*  The  mcst 
pessimistic  data  on  the  relation  between  mental  functioning  and 
social  drinking  have  been  reported  by  Parker  and  Noble  (1977/ 
1960)*  Surveys  of  quite  different  populations  have  shown 
correlations  of  between  -*3  and  -*A  between  measures  of  the 
amount  of  alcohol  taken  when  a  person  drinks  and  mental  test 
scores*  Parker  and  Noble  also  report  that  the  relationship 
between  deficit  and  amount  of  alcohol  drunk  is  more  marked  in 
people  past  40*  The  tests  Parker  and  Noble  used  are  similar  to 
those  used  to  define  "fluid  intelligence/"  and  abstract  reasoning 
ability/  Which  again  agrees  with  the  rough  picture  of  alcohol  as 
mimicking  the  classic  aging  pattern.  Another  interesting  aspect 
of  their  results  is  that  the  important  variable  seems  to  oe  not 
how  much  one  drinks  over  a  long  period  of  time#  but  rather  the 
highest  level  of  ethanol  concentration  reached  on  the  occasion  of 
drinking*  Stated  less  abstractly/  "the  Saturday  night  binge  is  a 
very  bad  thing*"  This  is  of  concern  to  the  Armed  Services* 
because  "binge  drinking"  seems  to  be  fairly  widespread*  In  a 
recent  Department  of  Defense  survey  377,  of  the  respondents 
reported  drinking  eight  or  more  drinks  a  day  at  least  once  a  month 
(Alcohol*  Drug  Abuse*  and  Mental  Health  Administration  Newsietter* 
May  1*  Ivdl)*  This  is  in  excess  of  the  level  of  drinking  reported 
in  Parker  and  Noble’s  surveys* 

•’arker  and  Noble's  results  are  consistent  with  more  detailed 
reports  tnat  have  focussed  on  "very  heavy"  social  drinkers*  This 
group  shows  signs  of  minor  brain  damage  by  both  behavioral  and 
tomographic  criteria  (Bergman  et  al*/  19b0a)  Cala  at  al**  1979)* 
The  tomographic  data  are  particularly  interesting  oecause  they 
partially  answer  a  serious  problem  in  tne  Interpretation  of 
studies  based  on  correlations  between  mental  performance  and 
drinking  patterns*  Drinking  patterns  and  mental  test  scores  are 
both  sensitive  to  demographic  factors*  Do  people  who  drink 
immoderately  score  low  because  they  drink  immoderately*  or  is  it 
the  case  that  tne  people  who  choose  to  drink  heavily  are  people 
who  would  nave  low  mental  test  scores  regaroless  of  their  drinking 
patterns?  Tnis  question  can  only  be  answered  by  a  study  of  the 
relation  between  drinking  and  test  performance*  controlled  for 
test  perrormance  prior  to  the  aovent  of  serious  drinking* 

In  spite  of  the  prevalent  usage  of  alcohol  in  our  society* 
there  are  relatively  few  published  studies  similar  to  those  of 
Parker  ana  Noble*  T'lere  have  been  Informal  reports  of  failure  to 
replicate  their  work*  The  question  may  revolve  around  the  precise 
definition  of  a  population*  The  data  from  the  study  of  "heavy" 
social  drinkers*  combined  with  Parker  and  Noble's  reports*  make  it 
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clear  that  there  are  some  drinking  practices  of  non-alcoholics 
that  are  dangerous*  These  practices  seem  to  be  repre*sented  fairly 
heavily  in  the  services.  Cn  the  other  hana>  no  one  Mould  argue 
that  a  glass  of  Mine*  once  a  Meek*  oroduces  cognitive  damage! 
Considering  the  Mioespread  prevalence  of  drinking  habits*  it  is 
important  to  estaolisn  more  precisely  the  relation  betMeen  social 
consumption  of  alcohol  and  detectable  cognitive  damage. 


OTHfcR  DRUG!>  Or  ABUSE 

Alcohol  Is  only  one  of  several  drugs  of  abuse.  Others*  such 
as  the  hallucinogens*  amphetamines*  and  cocaine*  have  received  a 
great  deal  of  puollcity.  While  the  effects  of  these  drugs  have 
oeen  and  Mill  oe  studied  intensively*  there  is  no  evidence  at 
present  to  regard  this  as  a  question  that  is  particularly  related 
to  age  effects.  In  the  past  there  has  been  a  tendency  for  people 
to  move  from  the  drugs  in  general  to  use  of  alcohol  as  they  groM 
older  (National  Insitute  on  Drug  Abuse*  1Q77).  Whether  this  trend 
Mill  continue  cannot  be  Khoan. 

Marijuana  is  a  possible  exception  to  the  above  statement. 

Tne  use  of  marijuana  or  hashish  on  a  regular  basis  Mas  reported  by 
19^  of  active  duty  servicemen  in  the  1980  Defense  Department 
survey.  Very  little  is  knoan  about  the  effects  of  long  term  use 
of  marijuana.  It  can  be  anticipated  that  considerable  research  on 
this  topic  Mill  be  conducteo  in  the  next  fern  years* 


CuNClUOINu  comment 

The  literature  indicates  that  the  large  individual  differences 
in  aging  are  by  no  means  random.  Level  of  initial  ability* 
health*  and  life  style  ~  especially  the  use  of  recreational  drugs 
—  all  Influence  cognitive  change. 

These  facts  underline  the  importance  of  a  point  that  has  been 
made  earlier.  It  can  be  quite  misieaoing  to  generalize  from  age 
effects  observeo  in  one  population  to  anticipated  effects  in 
anotner  population.  In  oroer  to  determine  hoM  me  Armed  Services 
Mould  be  affected  by  an  extension  of  enlistment  periods*  it  mI  l  I 
be  necessary  to  measure  the  Interaction  betoeen  aging*  cognition* 
initial  aollity*  and  health  factors  In  populations  that  are 
similar  to  those  expected  to  be  In  the  services  In  the  1980s. 
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1?.  CONCDJSinNS  AND  RECOHHFNOATIONS 


SUMMARY 

As  people  age  from  20  to  60  the  following  cognitive  changes 
take  placet 

1.  Verbal  and  Knowledge-related  abilities  Increase*  In  most 
situations  the  improvement  In  the  quality  of  a  worker  probably 
outweighs  the  disadvantages  of  age-related  decrements  In  other 
cognitive  functions* 

?*  Sensory  and  perceptual  capabilities  decline  markeHiv  fror 
the  late  thirties  onward*  The  extent  of  the  decline  may  not  be 
apparent  from  standard  medical  examination  testing  of  sensory 
functi on* 

3*  There  is  a  general  decrease  in  the  speed  of  mental 
functioning  that  progresses  steadily  throughout  the  working  years* 
The  evidence  that  we  have  reviewed  does  not  support  the  contention 
that  mental  slowing  begins  to  occur  only  in  late  middle  age* 
although  it  may  only  become  apparent  on  an  individual  basis  at 
that  time* 


4*  There  is  an  age-related  drop  In  the  ability  to  deal  with 
abstract  reasoning  situations*  especially  those  Invoivlno 
inductive  reasoning*  Older  workers  may  find  it  difficult  to  solve 
novel  problems*  or  reason  about  new  situations*  especially  under 
time  pressure* 


5*  literature  does  not  adequately  address  t^’e  Issue 

whether  problem  solving  using  familiar  problem  solving  routines 
declines  during  the  working  years*  Nor  does  it  enable  us  to 
conclude  that  there  Is  a  decline  in  memory  for  newly  learned 
material  that  is  compatible  with  existing  knowledge*  To  the 
contrary*  the  evidence  suggests  that  memory  for  "meaningful” 
Information  Is  not  adversely  affected  by  age*  Although  the 
research  literature  leaves  one  somewhat  optimistic  ahout  fhe 
maintenance  of  familiar  knowledge  and  problem  solving  skills 
during  the  working  years*  more  research  will  be  needed  to  Indicate 
whether  technicians  and  other  skilled  personnel  would  be  likely  to 
show  performance  declines  between  ages  Ah  and  $5* 

6*  There  are  large  individual  differences  In  ail  age  effects 
upon  cognitive  functioning*  witn  the  possible  exception  of  the 
decrement  in  sensory  capacity*  Age-reiated  changes  In  cognitive 
capacity*  or  the  lack  of  such  changes*  reflect  Individual 
differences  in  initial  level  of  aolllty*  In  health*  and  In  life 
style*  Maintenance  of  one's  cognitive  competence  over  the  working 
years  is  positively  related  to  cardiovascular  status  and 
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negatively  related  to  eiocesslve  ose  of  alcohol.  A  variety  of 
other  aore  specific  deterainants  of  cognitive  coapetence*  such  as 
exposure  to  heavy  metais«  also  have  been  suggested  as  a  source  of 
Individual  differences. 


RtCOHMENDATlONS 

The  recrultaent  and  retention  of  older  personnel  represents 
a  distinct  opportunity  for  the  Araiert  ficrvlces.  There  can  he  no 
question  that*  on  tne  average*  aen  and  woaen  In  the  30*s  and  AO's 
are  as  competent  (and  In  some  cases*  more  competentl  to  handle 
most  service  positions  than  are  peoples  in  their  late  teens  or 
early  20*s.  Hn  the  other  hand*  there  are  significant  changes  in 
human  cognition  during  the  Morhing  vears  which  could  limit  the 
effectiveness  of  some  personnel  on  some  Jobs.  We  believe  the 
services  should  develop  procedures  that  would  locate  those  oersons 
who  are  "at  risk"  for  cognitive  changes  —  both  normal  and 
pathological  —  that  would  affect  Job  performance.  The  ooal  would 
be  the  development  of  medical  and  psychological  tests  that  enable 
an  assessment  of  "functional  age"  rather  than  chronolool cal  age. 
These  tests  could  be  Incorporated  into  the  annual  service  medical 
examinations*  and  would  thus  provide  an  effective  means  of 
screening  oldeir  personnel  for  performance  deficits.  Sllohtly 
different  sets  of  screening  measures  might  be  appropriate  for 
different  types  of  personnel*  depending  upon  the  cognitive 
requirements  of  their  Joos.  Such  a  screening  program  would 
minimize  the  potential  for  poor  Job  performance  resulting  from 
Impaired  cognitive  c  ompeter>ce. 

Our  recommendations  are  oriented  toward  the  devefopmenh  of 
these  screening  procedures.  Three  classes  of  specific 
recommendations  will  oe  made.  The  first  deals  with  Immediate 
policies*  that  could  be  executed  with  very  little  further  study. 
The  secono  class  of  recommendations  deals  with  research  ouestlofs 
that  are  closely  related  to  various  physical  aspects  of  agino. 

The  final  set  of  recommendations  deal  with  the  relationship 
between  psychological  factors  and  "on  the  Job"  performance. 


Recommendations  concerning  pol  icyt 

1.  Physical  examinations  for  personnel  over  3*1  should  Include 
extended  examination  of  auditory  and  visual  functions  hevond  those 
tests  now  routine  In  a  Physical  examination.  Tn  particular*  tests 
of  dynamic  visual  acuity  and  of  speech  perception  in  adverse 
circumstances  should  be  developed.  Human  englneerlno  research 
should  te  conducted  to  determine  how  performance  on  these  tests  Is 
related  to  performance  In  positions  where  visual  or  auditory 
perception  Is  likely  to  be  a  limit  on  effectiveness. 
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?•  Human  engineering  standards  for  equioment  and  oneratlng 
environments  that  are  perceptually  demanding  should  be 
re-examined*  To  Mbat  extent  have  these  standards  been  determined 
by  experiments  on  younger  adults?  In  some  cases  further  research 
Mill  be  needed  to  establish  appropriate  standards* 


Recommendations  regarding  research  relating  to  physiology  and 
cognit ioni 

3*  The  phenomenon  of  cognitive  slowing  has  been  established  In 
numerous  independent  experiments*  What  is  not  known  is  whether 
the  cognitive  slowing  observed  In  one  type  of  mental  performance 
is  the  same  cognitive  slowing  observed  In  another  tyoe  of 
performance*  A  multivariate  longitudinal  study  is  reauirmd  to 
determine  whether  mental  slowing  Is  or  Is  not  a  single  process 
that  is  affected  by  age*  iissuming  that  a  single  process  Is 
Involved*  it  should  be  possible  to  develop  an  index  of  cognitive 
soeed  that  could  be  included  in  medical  examinations*  Choice 
reaction  time  and  visual  masking  paradigms  are  examples  of 
candidate  tasks* 


^*  Research  should  be  conducted  to  relate  behavioral  Indices 
of  mental  slowing  to  cardiovascular  functioning  and  to  chronic 
exposure  to  a  variety  of  environmental  and  dietary  agents* 


*'*  Medically  related  research  should  be  conducted  to  assess 
the  relationship  between  cognition  and  the  chronic  use  of  various 
recreational  and  prescription  drugs*  including  alcohol*  With 
respect  to  alcohol*  longitudinal  studies  should  be  conducted  of 
recovery  of  mental  functioning  in  individuals  who  successfully 
complete  treatment  for  alcoholism*  Research  is  also  reoulred  on 
the  effect  of  heavy  social  use  of  alcr^-*!  in  peoole  In  th*  25-40 
age  range*  as  this  Is  the  group  of  moi.^  Interest  to  the  Armed 
’Services. 

f).  The  services  will  undoubtedly  continue  to  monitor  the  use 
of  other  recreational  drugs  by  service  personnel*  Tn  the  event 
♦■hat  It  appears  that  the  pattern  of  polydrug  abuse  now  observed  In 
younger  servicemen  continues  as  the  current  cohort  ages* 
appropriate  studies  should  be  conducteo  of  the  cognitive  effects 
of  continued  neavy  use  of  the  most  frequently  consumed 
recreational  drugs* 


Recommendations  regarding  research  on  complex  cognitive 
functioning  and  job  performance! 
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7«  Further  studies  are  needed  of  the  relation  between  measures 
of  mental  slowing  and  more  complex  tests  of  psychological 
functioning#  including  conventional  intelligence  tests*  and  tests 
of  aptitude  for  specific  tasks*  '^hese  studies  should  be  directed 
toward  populations  relevant  to  the  Armed  Services*  as  It  has  beer 
shown  that  results  are  often  specific  to  a  particular  population* 
The  Reserve  forces  are  suggested  as  an  appropriate  group  'or 
study* 


8.  A  study  is  needed  that  relates  performance  on  age-sens  1 1 1 ve 
tests  of  cognitive  functioning*  including  both  mental  slowing  end 
fluid  intelligence*  to  on  the  Job  performance  in  selected 
occupations  representing  a  spectrum  of  service  duty  asslonments. 
The  study  should  be  a  longitudinal  one*  in  which  per'ormance 
rating  changes  over  a  period  of  years  are  compared  to  changes  in 
psychological  evaluations.  In  conducting  such  a  study  emphasis 
should  be  placed  on  the  study  of  situations  that  involve  rapid 
decision  making*  equipment  operation*  and  soatlal  skills* 

<J,  Further  Information  is  needed  on  the  predicted  change  In 
cognitive  capacity  of  individuals  who*  as  young  adults*  score  in 
the  average  and  helow  average  categories*  This  study  could  be 
combined  with  the  study  recommended  in  paragraph  P*  above. 


10.  More  Knowledge  Is  needed  concerning  the  relation  between 
age  and  meaningful  learning*  i .e*  learning  that  deals  with  whaf  an 
individual  does  In  his  or  her  normal  life.  Such  a  study  should 
focus  on  learning  In  field  settings*  oerhaps  associated  with  the 
introduction  of  new  technology,  ft  Is  likely  that  such  research 
will  at  first  Involve  detailed  case  studies  and  analysis*  similar 
to  Norman's  I19B1)  rognitfve  Science  analysis  of  minor  errors  and 
accidents.  Formal  experimentation  will  have  to  await  further 
conceptua I i rat  I  on  of  the  problem. 
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Department  of  Philosophy 
University  of  California 
Berkely,  CA  94720 

1  LCOL  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSONNEL  APPLIED  RESEARC 
NATIONAL  DEFENCE  HQ 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  0K2 

1  ERIC  Facility-Acquisitions 
4833  Rugby  Avenue 
Bethesda,  ND  20014 


Non  Govt 


1  Dr.  Richard  L.  Ferguson 

The  American  College  Testing  Program 

P.O.  Box  168 

Iowa  City,  lA  52240 

1  Dr.  Victor  Fields 
Dept,  of  Psychology 
Nontgoroery  College 
Rockville,  ND  20850 

1  Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources  Organ. 

Suite  900 

4330  East  West  Highway 
Washington,  DC  20014 

1  Dr.  John  R.  Frederiksen 
Bolt  Beranek  A  Nevnan 
50  Noulton  Street 
Cambridge,  NA  02138 

1  Dr.  Alinda  Friedman 

Department  of  Psychology 
University  of  Alberta 
Edmonton,  Alberta 
CANADA  T6G  2E9 

1  Dr.  R,  Edward  Geiselman 
Department  of  Psychology 
University  of  California 
Los  Angeles,  CA  90024 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  152’ •» 

1  Dr.  Daniel  Gop'  ■ 

Industrial  A  •'  jgemern.  j.nglneerlng 
Technion-Israei  Institute  of  Technology 
Haifa 
ISRAEL 

1  DR.  JANES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 
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Non  Govt 


1  Dr.  Harold  Hawkins 

Department  of  Psychology 
University  of  Oregon 
Eugene  OR  97403 

1  Dr.  James  R.  Hoffman 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1  Glenda  Greenwald,  Ed. 

"Human  Intelligence  Newsletter" 
P.  0.  Box  1163 
Birmingham,  MI  48012 

1  Dr .  Lloyd  Humphreys 

Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene ,  OR  97403 

1  Dr.  Walter  Kintsch 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1  Dr.  David  Kieras 

Department  of  Psychology 
University  of  Arizona 
Tuscon,  AZ  85721 

1  Dr.  Kenneth  A.  Klivlngton 
Program  Officer 
Alfred  P.  Sloan  Foundation 
630  Fifth  Avenue 
New  York,  NY  10111 

1  Dr.  Stephen  Kosslyn 
Harvard  University 
Department  of  Psychology 
33  Kirkland  Street 
Cambridge,  MA  02138 


Non  Govt 


1  Mr.  Marlin  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  90274 

1  Dr.  Jill  Larkin 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Alan  Lesgold 
Learning  R&D  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1  Dr.  Allen  Munro 

Behavioral  Technology  Laboratories 
1845  Elena  Ave.,  Fourth  Floor 
Redondo  Beach,  CA  90277 

1  Dr.  Donald  A  Norman 

Dept,  of  Psychology  C-OO9 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Dr.  Jesse  Orlansky 

Institute  for  Defense  Analyses 
400  Army  Navy  Drive 
Arlington,  VA  22202 

1  MR.  LUIGI  PETRULLO 

2431  N.  EDCEWOOD  STREET 
ARLINGTON,  VA  22207 

1  Dr.  Martha  Poison 

Department  of  Psychology 
Campus  Box  346 
University  of  Colorado 
Boulder ,  CO  80309 

1  DR.  PETER  POLSON 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER.  CO  80309 

1  Dr.  Steven  E.  Poltrock 
Department  of  Psychology 
University  of  Denver 
Denver, CO  80208 
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Non  Govt 


1  DR.  DIANE  N.  RAHSET-KLEE 

R-K  RESEARCH  A  SITSTEM  DESIGN 
3947  RIOGEHONT  DRIVE 
MALIBU.  CA  90265 

1  M INRAT  M.  L.  RAUCH 
P  II  4 

BUNDESMINISTERIUM  DER  VERTEIDIGUNG 

POSTFACH  1328 

D-53  BONN  1.  GERMANY 

1  Dr.  Lauren  Reanick 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Leonard  L.  Rosenbaum ,  Chairman 
Department  of  Psychology 
Montgomery  College 
Rockville,  MD  20850 

1  Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  NJ  07974 

1  DR.  WALTER  SCHNEIDER 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 

1  Dr.  David  Shucard 
Brain  Sciences  Labs 

National  Jewish  Hospital  Research  Center 
National  Asthma  Center 
Denver,  CO  80206 

1  Robert  S.  Siegler 
Associate  Professor 
Carnegie-Mellon  University 
Department  of  Psychology 
Schenley  Park 
Pittsburgh,  PA  15213 

1  Dr.  Edward  E.  Smith 

Bolt  Beranek  A  Neuman,  Inc. 

50  Moulton  Street 
Cambridge,  MA  02138 


Non  Govt 


1  Dr.  Robert  Smith 

Department  of  Computer  Science 
Rutgers  University 
New  Brunswick,  NJ  08903 

1  Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford.  CA  94305 

1  Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  11A,  Yale  Station 
New  Haven.  CT  06520 

1  DR.  ALBERT  STEVENS 

BOLT  BERANEK  A  NEWMAN.  INC. 

50  MOULTON  STREET 
CAMBRIDGE,  MA  02138 

1  David  E.  Stone,  Ph.D. 

Hazeltine  Corporation 
7680  Old  Springhouse  Road 
McLean,  VA  22102 

1  Dr.  Kikumi  Tatsuoka 

Computer  Based  Education  Research 
Laboratory 

252  Engineering  Research  Laboratory 
University  of  Illinois 
Urbana,  IL  61801 

1  Dr.  Douglas  Towne 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
1845  S.  Elena  Ave. 

Redondo  Beach,  CA  90277 

1  Dr.  J.  Uhlaner 

Perceptronics,  Inc. 

6271  Varlel  Avenue 
Woodland  Hills,  CA  91364 

1  Dr.  Benton  J.  Underwood 
Dept,  of  Psychology 
Northwestern  University 
Evanston,  IL  60201 
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1  Dr.  William  R.  Uttal 
University  of  Michigan 
Institute  for  Social  Research 
Ann  Arbor,  MI  H8106 

1  Dr .  Howard  Wainer 

Division  of  Psychological  Studies 
Educational  Testing  Service 
Princeton,  NJ  08540 

1  Dr.  Keith  T.  Wescourt 

Information  Sciences  Dept. 

The  Rand  Corporation 
1700  Main  St. 

Santa  Monica,  CA  90406 

1  DR.  SUSAN  E.  WHITELY 
PSYCHOLOGY  DEPARTMENT 
UNIVERSITY  OF  KANSAS 
LAWRENCE,  KANSAS  66044 

1  Dr.  Christopher  Wickens 
Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1  Dr.  J.  Arthur  Woodward 
Department  of  Psychology 
University  of  California 


